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REGULATION OF ENDOGENOUS GENE EXPRESSION IN CELLS 
USING ZINC FINGER PROTEINS 

CROSS-REFERENCES TO RELATED APPLICATIONS 
■A This aUcation is re,ated to Townsend and Townsend and Crew docket 
^berO^.OOlsluSSN , fiied „ !2, 1999, „e ra n inco^a.ed by 

reference in its entirety. \ 

FEDERALLY SPO^SORH^RESE^^C^^^D ^^^^^^^ 

Th,s invention was made wnh government support under Grant No. 1 R43 
DK52251-01, awarded by theNationa! Institutes of Health. The government has certain 

L 5 rights in this invention. 

FIELD OF THE INVENTION 
The present invention provides methods for regulating gene expression of 
endogenous genes using recombinant zinc finger proteins. 

20 

BACKGROUND OF THE INVENTION 
Many, perhaps most physiological and pathophys^ogical processes can 
be controUed by the selective up or down regulation of gene expression. If methods 

25 inappropdateexpressionofpromflama^^ 
genes and down-regulate disease causing genes. 
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!n addition to the direct therapeutic utility provided by the ability to 

fjonofageneofinteres, One common existing method for expenmentally 
"Intnsl^tionoranew.ydiscoveredgeneistocione.tscO^mtoan 
expressionvectordrivenbyastrongpromoterandmeasuretttephys.olog.cal 
«nce of » over-expression in a transfected ce„. Th.s method is 
I esnotaddressthe^^^^ 

,d be of Treat utility to the sc.entific commumty. Methods that perm, the 

fin d widespread use in academ.c labora.ones, pharmaceut.cal compan.es, genom.cs 

mmnanies and in the biotechnology industry. 

An add 1 tiona,useoftoo,spermitt.n g theman 1 pulat,onof g eneexpress 1 on 

.^eproduct.onofcommercial.yuserulb.olog.calproducts. ™^<™^ 

product The production of erythropo.etin by such an eng.neered cell .me serves as an 
lp e Liaise, production from metabolic pathways m.ght be altered or improved 

Methods currently ex.st m the art, which allow 
of ag,ven g ene,e,.,usingnbozymes,an.isense,echno,ogy,sma,,moleculere g ula,o r s, 

positive fashion(,ransact«^^ 

Transcription factor function canbe constitutive (always on ) or 
conditional. Conditiona, function can be imparted on a transcription factor by a vanety of 
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u • ritv of these regulatory mechanisms depend of the sequestering of the 

DNA binding and transaction (or repression). Examples tr P 

Dinamg reS oonse element binding 

^ rw 4-432-441 (1997); Neering ef a/., 5W88.114/ ^ 

V fibers were first identified in the transection factor 
sequence-specific manner. Zinc fingers were 

acid). A single linger containing the two invariant 

stud ,es have demonstrated that it conta.ns an aiphahehx con a J 

^^"►^^^^•^^^^ 

Todate.o^O.OOO.n^^^^ 

known or putattve transcnp«,on factors. ZFPs ar > ^ ^ 

but also in RNA bindmg and protetn-protem bmdmg. Current es.,m 

»r 

si .e. The amino terminus of Z.Q68 rs sttuate base . n a 

target segment (Isalan* ai, PNAS 94:5617-5621 (1997). 1 . . 
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opposites.randftomtheother.hreebasesreoogni.edbyzincfingerandco.np.ementary 

,o the base immediately 3' of the three base subsite. 

The structure of the Zif268-DNA complex also suggested that the DNA 
scq uence specificity of a ZFP might be altered by making amino acid substitutions a. the 
5 f ourhe,ixposi.ions(.,,2,3an d 6)o„a a ncf 1 n g erreeogr 1 iUonheUx.Phaged 1 spla y 

published inaseriesof papers in 19 94 (Rebar *<./., ~ 263:671-673 (1 94) 
Ison^,*— ( .33 :5 6S 9 . 5 6 95 ( 1W );Choo e(a ,^S91 : 11163-lU 
1994)) Comb.natorialUbraneswereconstructedw.thrandom.zedstde-chamsme.thr 

mw hichtheappropna«eDNAsub-,tewa S rep.acedbyana,t=redDN Am let. 
Correlationbetweenthenatureofmtroducedmutationsandtheresuhmgaleratton 
MndtngspecftcttygaverisetoaparfaisetofsubstUution rules for rat.ona, destgn of 

ZFPs with altered binding specificity. ,•„„„<■„ 
Gre.sman * Pabo, Science 275:657-661 (1997) discuss an e.aborahon of a 

ubjected to random.zat.on and selection. Th.s paper reported se.ect.on of ZFPs for 
„uc,earhonnoner=sponsee,ement,ap53,argets,teandaTATAboxse q uence. 

R ecomb,nan,ZFPshavebeenreportedtohave.heabili,y,oregu,a,eg=ne 

r a ,™267 :9 3-96(19 9 5,;nu^,^ 9 4,525,530 19 97 ) ;a„dBeerl 1 ^, 

PNAS 95:14628-14633 (1998)). 

For example, Pomerantz al, Science 267:93-96 (1995) report an attempt 
t0 design a novel DNA b,nd.n g protein by rising two fingers from Zif268 with a 
25 homeodomainfromOct-1. The hybrid prote.n was then fused with e.ther a 

a „;,, for fxnression as a chimenc protein. The 
transcriptional activator or repressor domam for express.on 

chimericpr 9 tei„ was reported to bind a target site representing a hybnd of the subsites of 
its two components. The authors then constructed a reporter vector <~ * 
Unerase gene operably lh*ed to a promoter and a hybrid site for the chtmenc DKA 

30 bindingplininproximitytothepromoter. 

DNAbmdingprotem could activate or repress expression ofuneluctferase gen, 

Liu e, al , PNAS 94:5525-5530 (1997) report forming a compete ZFP by 
using a peptide spacer to link two component ZFPs, each having three finger,. The 



5 



domains. uw« v further reported that 

rePOrter ' Beerli * a/., HMS 95 :1 4628-14633 (1998) report conation of a - 

;u VR AB ERD or SID transcriptional repressor 
chtmeric six finger ZFP fused to e.ther a KRAB, ERD ^ 

— — 

vj^^T. vj ,, The intention was that a z.rr 

speeifie to this target s,te would bmd to the oncoge 

— — ir:=: 
25 g io m . The— — --^^r,:!^- 

environment as compared to an endogenous gene. In contrast spec gu 
30 endogenousceUulargeneiniunafivechrornafinenvuonnrentusrngaZFPhas 

been demonstrated in the art. 



SUMMARY OF THE INVENTION 
Thepresentinvention.h U5 provid=sfortt.efirs.tuneme,hodsof 

gating endogenous ce.huar gene express.on, where the endogenous genes 

acell or.hose.hathaveheenexogenous.y.n.eg.atedinto the genon,e. ^ ^ 

Lneaspec t ,,hepresen t inven tl0 nprov,desa m e th odof I n hl mg 

,, 1 r om p in a cell the method comprising the step ot: 

"•"-""•::r:::::,~.«— — r-— 
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about^nM; thereby activating expression of .he endogenous ceHular gene to at ieast 
ab ° U,150% ' Xnoneetnhodintent.express.onoftheenoogenouscetM^eneis 
activated to at leas, about 200-500%. In another ernbodtnKnt, activation of gene 

expression ofan endogenous ceUu.ar gene in a ceU, the tnethod compristng the **of. 

^ilnlar eene in a cell, the method comprising the step of. 
expressionofan endogenous cellular ^^^^ 
contacting a target site in the endogenous cellular gene wnn 

.iiuiar pene with a second zinc finger protein, in 
second target site in the endogenous cellular gene witn 

^oneen^bodin.en^ecelUsseiectedfrornUtegroupconstst.ngof 

i ■ aii Tn another embodiment, the ceil is a uuuw 
embodiment, the cell is a mammalian cell. In another . ^ . 
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cell. 



In one embodiment, the method further comprises the step of Erst 
administering to the celi a deUvery vehicle comprising the zinc finger protein, wherem the 
delivery vehicle comprises a liposome or a membrane translocation polypept.de. 

In one embodiment, the zinc finger protein is encoded by a zmc finger 
pro.einnuc.eic acid operably linked to a promoter, and the method turther comprises the 
step of first administering the nucleic acid to the eel! in a lipid:nucle.c acid complex or as 
naked nucleic ac.d. In another embodiment, the zinc finger protein is encoded by an 
expression vector compris.ng a zinc finger protein nucleic acid Operably hnked to a 
promoter.and the method further composes thestepoffirstadminis.enng.be express.cn 

vector .0 .he cell. In another embodiment, the express.on vector is a v,al express.on 
vecor in another embodiment, the express.on vector is a retroviral express.on vector, an 
adenov.ral express.on vector, a DNA piasm.d expression vec.or, or an AAV express.on 



vector. 



,„ one the zinc finger protein is encoded by a nucle.c acid operably luted 
t0 an .nducible promoter. In another cmbod.men, .be zinc finger protein .s encoded by a 
nucleic acid operably linked to a weak promoter. 

,n one embodiment, the cell compnses less than about 1.5x10 cop.es of 

the zinc finger protein. . . . . 

,„ one embod.ment, .he .arge. s..e is upstream of a transcnpt.on .n,.a..on 
s ,,eof.heendogenousce,lu,argene. In another embodiment .he .arge. s,,e ,s ^acen. .o 
a transcripfion mit.at.on site of the endogenous cellular gene. In another embod.men, 
targ e, site is adiacent to an RNA polymerase pause site downstream of a transcr.pt.on 
initiation site of the endogenous cellular gene. 

In another embodiment, the zinc finger protein compnses an SP-1 
backbone. In one embodiment, the zmc fmger protem composes a regulatory domam and 
is humanized. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figurel:PCR amplification scheme for production of ZFP-encoding 

30 ^«^ ll ^ -t(B ^ oftwla<1 z m . Fi,2A: Onfused 
ZFP before induction (lane 1), after induction (lane 2), and after purification (lane 3). 
Fig. 2B: MBP-VEGF expression before induction (lane 1), after induction (lane 2), and 
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, • Fia 2C- Purification of MBP-VEGF by amylose 

after Fre„chPress 1 ys,s(^e3^ 1 g^a Fraction2was 

^^^ BB ^™"?^ M ,mo.ecu,arweightmar k ers. 
In this case, the protein concentration yeldmg 50/. 

was2nM. . _ rT;i t VFGF3a/l. Protein- 

ohgo—. Samples we^^^^ 

product was measured by phosphonmager. Curve fitting 

mammalian cells- £o_transfection data showing repression of luciferase reporter 

„<inn Error bars show the standard devtatton of 
^*T«*^<ZI^ .P— ^reporter 

^ ^ureVXe-transfecttondatashowingaetivatronofiuciferasereporter 

• n Frror bars show the standard deviation of 

tnplicate transfecuons. pGL3-P (reporte (VEGF1 -VP16); VEGF3a 

vector control); P VFF3-4x (VEGF reporter plasm.d), VEGF1 ( 
A/pr,F3a-VP16Y VEGF3a/l (VEGF3a/l-VP16). 
( Hgure 8. VEGF EUSA data showmg repression of 

, • f o VFGF ZFP-KRAB effector plasmid. DFX 
g ene expression due to transfeCon of a VEGF ZFP ™ ^ , 

Educed (mock transfected cells untreated wtth DFX). Error 

deviation of duplicate transfections. . ^ 
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Figure 9 VEGFELISAdatashowmg — ofendogenousVEGF 

f ,WaVEGFZFP-W16effectorplasmid.Mock(mock 

transfected cells); No ZFP (NVf contr j, ^ansfections. 
(VEGF3a/1 -VP>6>. Error bars show the -da* 

n^AoyVEGF-spec.ficZF^ 

ZFP), VEGFl-NVF (VEGF1-VP16), ^^^"^^^^ ^p ^Q^^i ^ n0 ZFP), VEGF1- 
(CCR5-VP16). PanelB^epress.onofVEGFmRN CCR5-3-NKF (CCR5- 

HKFCV E CFl-KRAB),VEGF3a^^^^ 

The VEGF specific probe was synthesvzed from L32 ^ 

template set (PharmmgenyAs a control, signals from the houselceep 
GAPDH are shown (arrrows). 

DETAILED DESCRIPTION OF THE INVENTION 

Introduction tPC for the first time that ZFPs can be 

The present application demonstrates for the lirst urn 

«t The nresent invention thus provides zinc nngei 
chromatin environment. The present m 

ZFP with a target site affinity of less than about ,0 nM (VEG , 

about 25 nM or lower. endogenous 
As a result the ZFPs of the invention can be used g 
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1 f 
a an v>p used to activate transcription ot 
^^ousceUu.argeneb^OV.ormore.andoanbeused.o 

an endogenous ce«u, ar genebya b ou« 1 5 f o l dor^ „ 

Rev, HBV C, S, X, and P, LDL-R, FEW*. ^ 
renin, NF-kB, I-kB, TNF-a, FAS ^ jj^ q-CSF, GM-CSF, Epo, PDGF, 

5 FAF.p53.«.,^^^ d ^~*^ , M ^MGF.ICAM- 1 , 

receptors fit andflk, topoisomerase, tclomeraSe ' ^ ^ e p;sj)2-l, delta- 12 
S^S.c-mycc^.TH.PTI-Upo.yS— na ^™ boxylas e, ac y ,-A^ 

esterase, ADP-S.ucosep.opltospho^— al c «, f a,t y acd 
sucr „se synthase, se-escence-assoctated genes, h a^ ^ ^ 

hyd roperoxide lyase, vtra, genes, protozoa ge^g ^^3, ^owth factors, 
genera,, suitable genes to be regulated tnclude cytoK " P potassfam 
Ltogentcfactors^^ 
cnanne.s.G-proteins.s.g.a,— ^ 

Ageneralthememtranscnpttonfactor 

sufScientp—to^^ 

re ,a,We to the P— orientation, and ^^^*<™^*^ 
^3 reahrre allows constderable flexibinty » choos. _ ^ ^ ^ 

transcription factors. The targe, site s . on of gene expr ession by a 

adjacent to, downstream, or upstream of the tr P ^ 
slt es that are located in enhancer regions, repressor st.es, RNA polym 
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expressed sequence tag (EST) codtng g ^ a ^ 

recognizes 2-4 base pairs, wth a two finger ZFP bmdmg 

finger ZFP binding to a 6 to 10 base pair site, andas.x finger ZFPbtndtng «• 

gene. The lirst z>rr up associated or individual 

7V?s can be used to produce cooperative tending of the ZFPs, g 

ZFPscanbe P individually bound to tor target sue. 

1S greater than the affin.ty of the ZFPs ^ ^ fey 

In one embodiment, two ZFPs are prou 

■ r wr 7FP recognizes an approximately IS 

b asepairtargetsite( S «.^.,L.u e <ai,P^S» 

s.zeshouldoccuronlyonce.nevervxOMep ^ ^ 

k 3 5xl0 9 base pairs {see, e.g., Liu et a/., PNA* 

S39 (1991), Barahmand-Pour et ai, Curr. lop. 

U T i 1*S69 592 (1998); Ho et ai, Nature 382.822-8Zo 

Klemm et «/.. Rev - ImmunoL 16569 U 

(l996)) ' ♦ 7FP is linked to at least one or more 

expression). For activation of gene express.on, typ.ca! y expr ^ 
! 5 foUCi.e., 150%ofnon-ZFPmodu 1 a,edexpress,on),preferab 1 y2foldC 



&™wv 5-10 fold (i.e., 500-1000% of non-ZFP 
non-ZFP modulated expression), more preferably 5 

— -^r-* ---- —-7 

o » • * PJWS 89-5547 (1992); Oligmo et al, Oene mer. 
e a.,Gossen&Bujard,P^»y-3^^ 88-1147-1155 

mol eculecon t r„lontheexpress l onof t heZFPa C ^ ^ ^ 

used in cell culture modeis, in gene therapy, and m transge 
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DefmUi °° S Musedhere.n.thefolWns.errnsnavetherneantngsascriWtotnern 
unless specified otherwise. .. 7Fp .. rc f er s to a protein having DNA 

typically referred to as fingers AZ^n 0 f DNA, typically 

three or four base pairs of DNA. A zrr aoDr0X imately 30 amino acid, 

zinc-chelating,DNA-bindmgsubdomain. 

(where X is any amino 
wLthetwocystetneresMuesofasinglebetaUtm^, e . g .,Berg & S 

ten base pair target site, and a six fingered ZhF S> 
are separated by zero to about 5 base pairs. 
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"fc- refers to the dissociation constant for the compound, i.e., the 
, f . U S Patent No 5,789,538). The assay system used to measure the tCj 

^sssssssssr 

IC, of the ZFP. In one embodiment, the for the if rs o 

.,. i, -ft acMV f'EMSA") as described in Example I and on 
using an electrophoretic molality shift assay ( EMSA ), 

pag el4of,he P resentspecffica.ion. Unless an advent ,s made for ZFP pun* 
alty the Jca.culationsmadeusin.mememodofExampielmayresuhinan 

leSS,hffiabOU ttdo g enousce, 1 u 1 ar g en, re fe re toa g enet h atisna t ,vetoace 11 

Lmosome. This term a.so encompasses endogenous cellular genes, as descnbed 
25 ab<>Ve ' A.^vechromatinenvironmen.-referstothenaruraliyocc^ng, 

DNAbindingpro.einn),which.ogetherformchromosomes. Theendog 

30 en—. . ln ^ Hto *r» fc ...-** 

site. "Upstream" of a transcription initiation site reters g 
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publishedUKpatentapphcatlonNo. 8707252) Functlona , domains 

are preferably selected from exiting human genes, (e g., 

J k WNFkB) Where possible, the recognition helix sequences* 
P 65 subunit of NF-kB). Wh P ^ ^.^ fey seq „ 

immunogenic. „„m«p acid ZFP, or a delivery 

"Administering" an expression vector, nucleic acid, 

membrane translocationpoly^^^ 
25 v e h ic,eseana,sobeused t oadmimsternucleicac,dsencod,„ g Z F Ps,e. g ., 

The terms "modulating expression inhibiting p 

• «f thP target gene. Such parameters include, e.g., 
or directly affected by the expression of the target ge 
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changes m RNA or pro rPT , orte r gene transcription 

changes in —earn gene expression, changes 

nucifer.se CAT p-galactosidase, P -glucuromdase, GFP (see, e.g., 

•~-rsrs££: — 

concentrates (e.g., cGMP, cAMP, . ^ ^ ^ . _ 

Th ese assays canbe.v^.v.vo.anc^. a S ^ me>B ^ ofRNAor 

protem levels, measurement of RNA y. ^ 
g eneexpress,on,e,.,v,achemUu mm escence£,uo- . mtracdlular 

second messengers such as cGMP and inos.tol mphospha.e (IP3), 

To deterrmn ^ ^ finger protem or 

, ^^-^-^^J^.^ Control 

cr,prific ZFP to examine the extent ui uu 
with a non-specmc irr, 

samp.sateass.gnedareiat,^^ 

Modu la— ^^^-- On,S t:;; 0 C -Jac,,v,tyof t he 
valuerelat.vetothecon,^ 

control), morepreferably 25%, more preferab. 5 0^ t ^ totecontroiis 

— on,sa r:,";r;rxC^L— .-^"a. 

110%, more preferably 150% (i.e., l.3xmc 

50 0%, m orepre f erably»000-2000«/„ormore. ^ sor ,, referto 

A "transcriptional activator" and a transcnpuo r . 
A transcnptio ^ tomscnpUont as 

pro teinsoreffectordomains 0 fproteins that have ^ 

deS cnbed above. ^^^^ 

u A n FRD SID nuclear factor kappa B subunit P 65, early gr 
KRAB, MAD, ERD, SID, endonuc leases, integrases, 

factorLandnuclearhormonerecept ^^J^^«^~ 
recombina.es^emyltransferases.histoneacetyltr ^..Uttey^^. 
Activatorsa^drepressorsincludeco-ac^ 

Nature 394:498-502 (1998)). &at has 

A "regulatory domain" refers to a protein 

• «h« tethered to a DNA binding domain, *.c, a ZFP. 
transcriptional modulation activity when tethered 
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transcription modulation. Alternately, a ZFP can 

more subsequences that are no. found m the same P 
For— .anucletcacidthatisrecomb^^ 

acid, e g., a promoter from one source and a odmg ^ ^ ^ 

nucleic acds are thus hetero.ogous to each other m th,s ^ ^ ^ 

(non-naturaily occumng) nucletc actd that has m*gr ^ 
natWe ( „on—yoccu^ 

to the mutated cell. i^i^tes that the protein comprises two 

(eg., a "fusion protein, wher a - ntroductlon to recombinant techniques. 

— Ii:l--nce,e,,toace 110 r 

the native^anrraUy occurring) formofthecenorexpr ^ ^ 

^t 1S otherwise normaliy or abnormally expressed, under expr 

.Vomoter^sdefinedasanarrayofnuc.eicacidcontrolse^s^ 
^rtvnicallv includes necessary nucleic acia 

seouences near the star, site of transenpuon, such as » *e ^ 
polymeraselltypepromo.ers.aTATAelement.enhancer.CCAATb 
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by a DNA-binding moiety such a, a polypept.de, e.g., a nuclear recep 

, • ,rHSV> thymidine kinase ("tk") promoter or a mutated 
a wtld type herpes stmplex vtrus ( HSV ) thym 5:1940-1947 
HSV tk promoter, as described in Eisenberg & McKmght, Mot Cell. 

(1985) ' Theterm-'operabiyhnked-referstoalunctionaninkagebetweena 

piasmid, virus, - ^'^ ^ d ,, which compri ses a nucleic acrd to be 

eKpressronvectorincludesa.-expresstonc.se^ (soencompasses 

transcnbed operabiy hnked to a promoter. The term exoressr 

„ Hn.aZFP The host cell typically supports the replicatton or 
or nucleic acrd encodtng a ZFP. The ^ ^ ^ £ ^ 

expression of the express.on vector. Host cells m y P 

Lcleicacidscontainingknownnueleotideanalogsormodtfiedbackbo . 
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- »• ^ ,, w 

substitutions) and complementary sequences, as wel, as * oUgonucleotMe , 
Th e term nucleoid ,s used ~'-^^^^^^J M 
^ po.ynucleotide. The nuclide sequences are disp.ayed herem 

y.y orientation. ,„,.. .. DeDti de" and "protein" are used mterchangeably 

The terms "polypeptide, peptide anu h 

— — — andsy.et.camin 

similar to the naturally occurring amino acids. Natura y 
encoded by the genetic code, as weU as those amino adds that . 
hydroxyproHne.carboxy^^ 

• ™ wh analogs have modified K groups, ^-s » 
sulfonium. Such analogs n nat urally occumng amino 

, acid. Ammoacidmimeticsreferstochemrc al °J tal 
different from the general chemical structure of an ammo acd, 
manner similar to a naturally occumng amino ac.d. . • - 



••Conservativdy modified variants" applies to bo,h amino acid and nucleic 

sequence, to essentially identical sequences. Specially, degenerat 

sequence, position of one or more 

ma v he achieved by generating sequences m which tne tmru F 

, • ^ -j d„c 1QS081 (1991); Ohtsuka etal. J,tSiot. ^nem. t. 
matzer era/., Nucleic Acid Res . U^w. 

(batzereiut, ^„ n . q.qi or n 994)). Because of the 

i. » ^ * -« ■ '"»• """" ™" 

30 substitutions for one another: 

1) Alanine (A), Glycine (G); 

2) Serine (S), Threonine (T); . • - 

3) Aspartic acid (D), Glutamic acid (E); 
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4) Asparagine (N)> Glutamine (Q); 

5) Cysteine (C), Methionine (M); 

6) Arginine(R), Lysine (K),Histidine(H); 



properties). 



7) Isoleucine (I), Leucine (L), Valine (V); and 
g, p h enyla.anine(F),TyrosineOO,Tryptop h an(W). 
<L eg C r ei g h«o„,P ro( e in ,(1984) t oradiscussiono t a m ,noac l d 



Design of ZFPs recognize a selected target site 

The *FPsofthe invention are engineered to recogn 
10 \ c Tvnicallv abackbone from any suitable C 2 H 2 ZFP, 

m the endogenous ger\e of choice. Typically ^ 
;aH 5 uchasSP-l,SP-lC,W^ 

numb ero f me,hodscanLnbeu S edtodes Ig n»^ As descnb ed above, a ZFP 

can be designed or selected bind to any su.tab e Urget . 

selected target sites. ■„ , he ^ ca n be used to design and construct 

Anv suitable method known in the art can 
„ a « ZFPs e g phage display, random mutagenesis, combma.onal 
„ucle,c acids encoding ZFPs, e.g., pn g V or 

Wu*^P^»^09»5V.^-^ J nl63 . iu67 

267:93-96 (1995); Pomerantz et al.. PNAS 92. & ^ 

30 9 4 :5 525-5530(1997);Griesman & Pabo,Sc 1 e„ce275.657 661O9 

PAMS 91:11-99-11103 (1994)). , „„„c SN .filed 

to a P referreAembodimen,,copendingapphcaUonUSSN^ a 

A , , . „ m 9496-001 800) provides methods that seien 
ca i \ January 12, 1999 (TTC attorney docket no. 019496 
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„ den* a targe, site within the gene containing one to six (or more) D- 
a target gene, and identify a target be &esi2 . ed 

confers the potent,! for ^A^^^^^^^ 

USS N nV^ C — ^ e that allo ws an 

sanded target segment (target strah ^ ^ ^ (TTC „ docket no. 
of copending application Ubbr- _!__> ,„ a four Dase target segment imposes 

constraints both on the sequence of ^ ^ 

th e zinc finger. The targe, site withil the target ^ * blguity co des. A 

zinc finger for binding to such a site Jhou in 

glu .amicacid)residue,po,.io n+ 2 YthezinJ [( ^ ^ beWeen ^^c 
base complementary to the K base m « ^ ^ D _ ab , e 

25 5 , mGG ,and 5 « ^ i fc:; heopp l st randtothe0.ab,es,te. !n 
position + 2 of a mc finger interact w,.h * ^ 
flatter site, the aspartic acid or glutamicVcid tpos, 
wHh anAinthe opposite strandto the D-ab\es..e. in general,^ 

M „ „ .nofaZFPwiaitoeenngers.a.arge.si.eshouldbeselec.edin 

3Q mthedes.gnofaZFPw, o „ aU toee 8ng ers have the 

whi ch at least one finger of the protein, and opUonaUy, ^ 

within a larger target gene having the formula 5 NIsx 
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each of the sets (x, a), (y, b) and (z, c) is either (N, N) or (G, K); 
a, 1 eastoneof(x,a),(y,b)and(z,c)is(G,K). a nd 

N and K are IUPAC-IUB ambiguity codes 

•fnn nf the set is G and the second position is G or I . 
set (G, K), meaning that the first position ^ ^ meaning that the first 

can be occupied by any nucleotide. As an example, the set (x, a) can 

are K, then the targe, site has two overlapping D-aU subs ^ 

bold, italics and underline. systematically 
These methods thus work by selecting a target gene, and sys 

— — rm«— — — — . 
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segments is to allow the design of a ZFP formed by linkage of two component ZFPs 

Itlded to select target sites to be bound by ZFPs with any number of 

fingers. For exanrpie, a suitable target srte for a nine finger protem would have three 

rargcisi r -Snathe ZFP to a repressing moiety), 

repressacel.u.ar^ 

(Kim & Pabo, /. C*~ "2.29795 2* ( ^ ^ ^ ^ 

KRABdomam can repress transcription at a promoter up to at least kbp 

,„ ,- WAS 91-4509-4513 (1994)). Thus, target s.tes can be 

vx> iUic hound (McLTSOlin St Q.I., rrlAo y l ■ L r-> y ~>y v 

^et site. However, in many tnstances, such ZFP not 

can also be used to desrgn new ZFPs, whichuses the ^ 

on substitution rules as drscussed above. A sttll turtn 
^crtyrorag^ 

component fingers. For example, each finger can be 
ZFP or each finger can be subject to separate randomly and se.ectton. 



• a 

Once a ZFP has been setec^ designed, or otherwise provided to a given 
, m en. theZFPortheDNAencodingitaresynthesized. Exemplary methods for 

o^anatysis ofthe target gene containing the target site to which the ZFP binds. 

ed 1989)' Kriegler, Gene Transfer and Expression, a l. ^ 

ed. ^ & U \ 0 tnl eds 1994)). In addition, 

Cum** in Molecular Btology (Ausubel ef ai, eds., " 

current rru variety of commercial. 

5 """La— ^ 
assemblyproceduretha^^^ 

olig o„ucleo„des (oHgos i, 3, and 5 in Figure 1) correspond to un versa , 
m enleportionsoftheONA-bmdmg^^ 

oligonucleotides (oligos 2, 4, and 6 in Figure 1) are design Q , 2 3 and 6 

on the recognition helices making them spec.fic for each 

" d ° mamS ' TbePCRsyntheststscarriedoutintwosteps. Ftrst, a double stranded 
DN Atemp.a.e is created by combimng the stx oHgonucleotides (three universa,, Utree 
fiTm a four cycle PGR reaction with a low temperature annealing step, thereby 

cloning into a shuttle vector or directly into an expression vector. 



26 

A„ ***** n,«hod of cloning the newly designed DNA-binding 
proteinsrel.es on annexing complementary oiigonucleotides encoding *e specific 

f the destred ZFP This particular application requires that the ohgonucleofides 
regl< ,nsofthedes.redZFP. P ^ is usuaU y performed before setting 

be phosphorylated prior to the final hgatton step. Th,s ts y P 
u D Lannealingreactions,butkinasingcanalsooccurpost-anneahng. In on* the 

3 Tabove)are annealed with their complementary oUgonucleot.de, — 
^"oligonucleotides encoding the finger recognit.on hehces are anneale wtth t n 
XlcoIpiementaryoUgonucleottdes. These complementary oUgos are deseed to 
^Teregio which was prev.ously filled in by polymerase m the protocol descnbed 

,eave overhangmg sciences specific for the restnction s.tes used ,n clonmg mt the 



leaving se< 
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the inserting fragment. Heated into an 

The resulting fragment encodmg the newly des.gned ZFP .s hgated mo 
express.on vector. Express.cn vectors that are commonly uttl.zed include but are no, 

.T^B")oraeukaryo.,cex P ressionvector,pcDNA(Promega). 

AnysuitablemethodofproteinpurificationknowntothoseofsWltnthe 

a, canbe used to punfy ZFPs of the invention (we Ausubei, SambrooM^). 

- " fot— t.expressionoftheZPP.sedtoamaltoseb.nding 
orotein (MBP-ZFP) in bacterial strain IM109 allows for straightforward purificatton 

30 ^-b.«w^*^^ ta r OT '^rr 



At 



Ler3„ou,s,hebac.e ri a are harvest 
capped on an amylose-bound resin, washed 

NEB) Purified pro.ems are quantised and stored for biochenncal analysts. - 

The fcochemica. properties of the punned proteins, e.g., tU. can be 
characterized by anLtable assay. In one embodunent, K, i. charactenzed vra 
Z Phoretic nrobi shift assays ("EMSA") (Buratowsk, * Chodosh, * ^ 

Lent No 5 789,538,Ln , ^ January .2, 1999 (TTC attorney docket no. 

ytnrattngpunfiedpro^ 

bp flanked by the 3 bp fold in the natural seance. Externa! to the btndtng sue pius 
bp) flanked by 1 T he annealed oligopeptide targets possess a 

flanking sequencer a consent sequence. 

, bp 5- overhang which alls for efficten, labdmg of the target w„h T4 ph ge 
incleottdeLe.Porlassaythe targe, is added a, a concentratton of ,0 nM or 

lower kuk i In addition the 

ZnCl 2 , 5 mM DTT, 10% glycerol, 0.02 /. BSA ipoiy vu 

also added at 10-100 ug/ul). \ 

The equihbrated reactions are loaded onto a 10% polyacryiam.de gd, 

,abeled target is resolved be electrophoresis at 150V (alternately, 10-20/ gr d.ent 

vrsuled by autoradiography or phosphoroimaging and the apparent * ts de_d 
by calcuiating the protein concentration that gives hatf-maximal bmdtng. 

Similar assays can also include determining active fractions « me protetn 
prep ara„ons. Acttve fractions „ determined by stoicniometnc ge, shifts where protems 
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f„rortDNA Titrations are done at 100,50, 
are titrated against a high concentrate of target DNA. 

and 25% of targe, (usually at micromolar levels). ^ 
In another embodiment, phage drsplay libraries can 

„ ..it- This method differs fundamentally from 
wlt hhi g ha ff *.o.hese,ccted.argets 1 te.Tmm ^ ZFPs , 

dire ct design mthatitinvolves the ^ .^^^ ^ ^ 

Jomphshedviarandom.zat.onofasinglefingeratpos.ttons ,, 

perhaps accessory positions such as +1, +5, + . « ■ hagemid vector as a 

Next the mutagenized gene is cloned mto a phage or p 

zl „c finger gene rs inserted between ^ ° ° as „ 

signa l pept.de and the remainder of pfH, so ^ ^ usmg phagemld vectors, 

helperphagei.Thephagehbrarytsthenrncubated- g ^ 
washing, any phage remaining on the support are recove 

which totally disrupt zinc finger-DNA ^ ^ , 

binders such that these may be identified using s q . . 
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Regulatory domains ^ ^ 

The ZFPs of the invention can optionally oe <u> 

regulatory domains, with the two or more domains being two P 
e g ., via an amino acd .inker, as part of a fus.on proten, The e 

blAiprowu Microbiol. Immunol. 

Science 254: 539 (,991), Barahmand-Pour « «/ Curr. ^ 
2l ,, 21 -i2S (1996); Klemm e, al.. A„n». Re,. ^ J ^ 

/ ifi-sfiQ 592 (1998); Ho et al, Nature 382.822 SZO ^ 

Pomeranze/ al.. Biochem. 37:965 (1998)). nfthe ZFP 

Common regulatory domains for addmon to the ZFP J ■ 

30 R oeder,^o^^ 0i . 2 73,65 71 .9 » 

factors are known (see. e.g.. Scene, 269.630 (1995)) 
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l mmm oUolo & 193:171-85 (1995). Coactivators and co-repressors tha medtate 
ascription regulation by nuclear hormone receptors are reviewed in, for example, 
Meier Eur. J. Endocrinol. 134(2):158-9 (.996); Kaiser « ai. Trends Biochent. Sc. 
2,-342-5 (1996); and Utley et a/., M*« 394:498-502 (1998)). GATA transcnpnon 

b mdin gP rot=m(TBP)anditsasso^ 

TAF55 TAF80 TAF110, TAF150, and TAF250) are described mGoodnch & Tj.an, 
Curr Opin. Cell Biol. 6:403-9 (1994) and Hurley, Curr. Opin. Struct. Biol. 6:69-75 
(1996) The STAT family of transcription factors are reviewed m, for example, 
Larld-Pour Top. Microti. = ^ 

facto rs involved in drsease are reviewed in ^ et al., J. CH, Invest. 97: «"><^ 
In one embodiment, the KRAB repression domain from the human KOX-1 

( ,o 9 0) ; Mar g o,in Ct «,.,™«91^^ 
2 .2908-29H<,99«a,l^ 

a, Genes Dev. ,0:2067-2078(1996)). Alternative*, KAP-1 can be used alone w,th 
ZFP Other preferred transcription factors and transcription factor domains that act as 
transcriptional repressors include MAD (see. e. g .. Sommer el a,., J. Biol. Chen,. 
m663^2(.99 8 );Q»P*-- l .*^"--»^ 1M(1 ^^ T '' h ^ < , 

FKHR (forkhead in rhapdosarcoma gene; Ginsberg et al. Cancer Res. 15:3542-3546 
(1998 , Epstem et al.. Uol. Cell. Biol. ,8:41,8-4130(1998)); EGR-1 (early growth 

„,.. EMBOJ. 14:4781-4793 ((19095)); and the MAD smSIN3 interact™ domam (SID, 
Ayer et al. Mol. Cell. Biol. 16:5772-5781 (1996)). 

In one embodiment, the HSV VP16 activation domam is used as a 

preferred transcription factors that could supply actuation domams mc.ude the VP64 
acti vaUondomain(Seipel e(0 ;.,^07. 11:496,-4968 (1996)); nuclear hormone - 
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tv,*7 Curr Ovin Cell. Biol. 10:373-383 (1998)); the P 65 
receptors {see, e.g., Torchia et al, Curr. Opin. 

Ctfncer^^- 6:239-48 (1995). Nuclear tyrosine kinases are described in Wang, Trends 
examp,. Cooper, 0nC0 ^ 2nd ed^Th actMS are reviewe d in 

^.2U: 8 9^(^Tb.^^ly-«^-> Y "'- 0 '-- 0 "- £,P,,t 

30 laTple Vos, Oar. O pi , CeU Biol. 4:385-95 (.992); Sancar, Ann. Re*. Gene, 29.69- 
, 5^0996). DNAre^enter.yn.esandUreirassociatedfac.orsand 
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w e? Gmgloif etal.,Experientia 

modifiers can also be used as regulatory domains (see, e.g., 
SO-261-9 (1994); Sadowski, FASEB J. 7:760-7 (1993)). 

t * DNAmethyltransferases^opoisomerases.helicasesJigases^nases, 

F « 1fi .n 97 ri994 > ) and methyltransterases are 

reviewed in Matson^a/-,^^, 16.13-22 (1994), an 

reviewcu Chromatin associated . _ 

7fi . 2536 2540 (1998); and Zardo&Caiafa,/Sto/.Cfem. 

are used as transcnpttona, repressors, which act via g ene c,eava g e 

WO95/09233;andPCT/US94/0,20<). d DNA structure movement and 

Factors that control chromatin and DNA structure, 

(e. g „ pro.aryo.es, eukaryotes and vtrus and f ^ recombinaS es and 
can a,sobeusedto 0 htainch i rnenc P rotems.Inoneem t ^n ^ ^ 

43S4 (1 99S> W 0lff e c 

.eacetylaseisusedasatranscriptional^ 

18 .4377-43S4 (1998); Syntichaki & Tlnreos, / Biol. ^ ^J, 
n 19-7831 2841 (1998); and Martinez ef J. Biol Cnem. 
Sakaguchi ef al, Genes Dev. 12.2831-2S41 h 

synutesizedaspartofarecombinantfustonprotem. Forexample, 



, r v ^ 7FPs In another embodiment, the ftextble linker 
me linker DGGGS is used to hnk two ZFPs. In ano 
.• v «,„ 7FPs is an amino acid subsequence compnsmg the sequence 

7£a7s2 5530(1997)). In another embodiment, me linker 
e . g ., Liu * ./., 55 2 -5530 19 ^ ^ ^ 

5 -eusedtoIinktwoZFP, GGRR^ lrqrDGERP; LRQKDGGGSERP; 
PNAS 93, 1 1 56-1 160 (1996.); and ^ b rationally designed using ^ 

LRQ Kd(G3S) 2ER P. ^^^^^^^ 

10 ^r^^ — U-r-edtoeon^ts^ 

link age of ZFPs to regulatory domains, non-covalent methods can 

molecules with ZFPs associated with regulatory expressed as a fusion 

In addition to regulatory domams, often the ZFFts P 

, •„ r«MBP"i alutathione S transferase (Ob 1 ), 

srrrrssr^r 

^ lp ^ ot .,^ [ ,»-.«* 
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Suitablebacteria. and eukaryotic promoters are well known in the art and descnbed e.g., 

Gene Transfer an d Expression: A Moratory Manna, (.990); and Currents ,n 
Molecular Blolo & (Ausubel el a,., eds., .994). Bacterial expression systems or 

a, Gene 22:229-235 (1983)). Kits for such expression systems are commercaUy 
available. Eukaryotic expression systems for mammalian cells, yeas,, and insect celiac 
well known in the art and are also commercially available. 

The promoter used to direct expression of a ZFP nucleic acd depends on 
tne particular application. For example, a strong consttative promoter is typically used 

for xpression and purification ofZFP. In contrast, when a ZFP is » ™ 

forgeLregulatton.eitheraconsti.utiveoraninductblepromoterisused.dependmgon 

the particular use of the ZFP. In addition, a preferred promoter for administration of a 

ZFP can be a weak promoter, such as HSV TK or a promoter having 

hypox.aresponse elements, Ga,4 response elements, lac repressor response eement, and 

, see . g , Gossen ft B UJ ard, PNAS 89.5547 (1992); Oligino et at. Gene 27,., 5.49 496 
' , r n ,r 4-432-441 (1997);Neeringe<a/.,-Btood88:1147-1155 

(1998)' Wange(a'., Gene Ther.HAiL *" U"''' 
0 (1996)'; and Rendahl « al, Na,. Bicechnol. 16:757-761 (1998)). 

m addition to the promoter, the expression vector typically contams a 

ascription unit or expression cassette that contains a„ the additiona, Cements reared 
for the expression of the nucleic acid in host cells, either prokaryo.ic or eukaryonc. A 

of the transcript, transcriptional termination, nbosome binding sites, or translate 
termmanon. Additional elements of the cassette may mclude, e.g., enhancers, and 
heterologous spliced intronic signals. • nfmna H on 
The particular expression vector used to transport the genettc mformatton 

and inme Example section). Standard bacteria, expression vectors mdude plasmtds 
as pBR322 based plasmids, pSKF, pET23D, and commercially available fusion 



i, cr^TandLacZ A preferred fusion protem is the maltose 
expression systems such as GST and Lacz.. ^ P f+v ^ 7FP 
■ ♦ • «MBP" Such fusion proteins are used for purification of the ZFP. 

areoftenused in eukatyotic expression vectors, e.g., SV40 vectors, papilloma v™.._ 
lors ana vectors derived frotnEpstein-Barrvirus. Other exemplarv^arvot, 

to« 

10 and any other vector aliowing expression of proteins under the dtrectton of the SV40 

ter SV40 1 atepromoter,metaUothionein P romoter,murine m arnmary.urnor 

25 ===== 

,o standard techniques (see, e.g., Momson, / to*. 132.349 I 
Curtiss Methods in Ecology 101:347-362 (Wu e, aL, eds, 1983). 

Anyofthewellknownproceduresforintroducingfore.gnnuc.e.de 

seouencesintohostcellsmayhensed. *-«^7*-^£L 
Isfecticpolyhrencprotoplas, fusion, -^^TT^I^-*. 

nak edDNA,p.asmid vectors, viral vectors, both episoma. and tn.eg^ve, and any 
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only necessary that the particular genetic engineering procedure used be capable of 
protein of choice. 

:srsr==2S^~r? 

293 cells CHO cells, VERO cells, BHK cells, HeLa cells, COS cells, and the like. 

„ j The ZFP is often first tested using a transtent 

expression system with a reporter gene, and men regula recombinantly 
is tested in cells and in animals, both in vivo and ex *m>. The ZFP can 

"^"Llationofgeneexpressiontstestcdusingo. 
Jo.samp.es withontthe.es, compound, — 

described above, for regulation of endogenous gene expression, the ZFP W, y 
ro f2 00nMor.ess, m ore P referab,yl00nMor,ess,morepreferab, y5 0nM,mo S t 

preferably 25 nM or less. : 
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The effects of the ZFPs can be measured by examining any of the 
parameters described above. Any suitaMe gene expression, phenotypic, or physio.ogical 
change can be used to assess the influence of a ZFP. When the functional consequences 
are determined using intact cells or animals, one can a.so measure a vanety of effects 
such as rumor growth, neovascularization, hormone release, transcriptional changes to 
both known and uncharacterized genetic markers (e.g., northern blots or oligonucleotide 
array studies), changes in cell metabolism such as cell growti, or P H changes, 
changes in intracellular second messengers such as cGMP. 

Preferred assays for ZFP regulation of endogenous gene expression can be 
, performed in vitro. In one preferred ,„ v«ro assay format, ZFP regulation of endogenous 
gene expression in cultured cells is measured by examining protein production using an 
ELISA assay (see Examples VI and VII). The test sample ,s compared to control cells 
treated with an empty vector or an unrelated ZFP that is targeted to another gene. 

In another embodiment, ZFP regulation of endogenous gene express.on is 
5 determined ,„ niro by measunng the level of targe, gene mRNA expression. The level of 
gene expression is measured using ampliation, e.g., using PGR, LCR, or hybridization 
assays e.g., northern hybridization, RNase protection, dot blotting. RNase protection ,s 
used in one embodiment (see Example VIII and Figure 10). The level of protem or 
mRNA is detected using directly or indirectly labded detection agents, e.g., fluoreseently 
20 or radioactively labeled nucleic acids, radioactively or enzymatically labeled antibod.es, 
and the like, as described herein. 

Alternatively, a reporter gene system can be devised using the target gen. 
promoter operably linked to a reporter gene such as lueiferase, green fluorescent protem, 
CAT or p-gal. The reporter construct is typically co-transfeeted into a cultured cell. 
25 After treatment with the ZFP of choice, the amount of reporter gene transcription, 

translation, or activity is measured according to standard techniques known to those of 

skill in the art. . . 

Another example of a preferred assay format useful for momtonng ZFP 
regulation of endogenous gene expression is performed ,„ v, v 0 . This assay is particularly 
30 useful for examining ZFPs that inhibit expression of tumor promoting genes, genes 
involved in tumor support, such as neovascularization (e.g., VEGF), or mat activate 
tumor suppressor genes such as P 53. In this assay, cultured tumor ce.ls expressing the 
ZFP of choice are injected spontaneously into an immune compromised mouse such as 
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an athymic mouse, an irradiated mouse, or a SCID mouse. After a suitable length of time, 
preferably 4-8 weeks, tumor growth is measured, e.g., by volume or by its two largest 
dimensions, and compared to the control. Tumors that have statistically significant 
reduction (using, e.g., Student's T test) are said to have inhibited growth. Alternatively, 
the extent of tumor neovascularization can also be measured. Immunoassays using 
endothelial cell specific antibodies are used to stain for vascularization of the tumor and 
the number of vessels in the tumor. Tumors that have a statistically significant reduction 
in the number of vessels (using, e.g., Student's T test) are said to have inhibited 

neovascularization. 

Transgenic and non-transgenic animals are also used as a preferred 
embodiment for examining regulation of endogenous gene expression in vivo. Transgemc 
animals typically express the ZFP of choice. Alternatively, animals that transtently 
express the ZFP of choice, or to which the ZFP has been administered in a dehvery 
vehicle, can be used. Regulation of endogenous gene expression is tested using any one 
of the assays described herein. 
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Nucleic acids encoding ZFPs and gene therapy 

Conventional viral and non-viral based gene transfer methods can be used 
t0 introduce nucleic acids encoding engineered ZFP in mammalian cells or target tissues. 
Such methods can be used to administer nucleic acids encoding ZFPs to cells in vitro. 
Preferably, the nucleic acids encoding ZFPs are administered for in vivo or ex vivo gene 
therapy uses. Non-viral vector delivery systems include DNA plasmtds, naked nucle.c 
acid and nucleic acid complexed with a delivery vehicle such as a liposome. V.ra. vector 
delivery systems include DNA and RNA viruses, which have either episomal or 
integrated genomes after delivery to the cell. For a review of gene therapy procedures, 
see Anderson, Science 256:808-813 (1992); Nabel & Feigner, TIBTECH 11:21 1-217 
(,993); Mitani fcCaskey, TIBTECH 11:162-166 (1993); Dillon, TIBTECH 11:167-175 
(1993); Miller, Nature 357:455-460 (1992); Van Brunt, Biotechnology 6(10): 1149-1 154 
(1988)- Vigne, Restorative Neurology and Neuroscience 8:35-36 (1995); Kremer & 
Perricaudet, British Medical Bulletin 51(l):31-44 (1995); Haddada e, al., in Current 
Topics in Microbiology and Immunology Doerfler and Bohm (eds) (1995); and Yu - al. 
Gene Therapy 1:13-26 (1994). 
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Methods of non-viral delivery of nucleic acids encoding engineered ZFPs 
inc.ude lipofection, microinjection, biolistics, virosomes, liposomes, —liposornes, 

and US 4 897,355) and lipofection reagents are sold commercially (e.g., Transfectam 
and Lipofectin™). Cationic and neutral lipids that are suitable for efficient receptor- 

91/16024. Dehvery can be to cells (« vivo administration) or targe, tissues (■„ .v. 

administration). , 
The preparation of lipidmucleic acid complexes, mcludmg targeted 
hposomessuchas— pid complexes, ,s we,, ta own to one of s k ,U in the a, ^, 
eg Cr ys,a,, &iCT c e 270 : 404-410(,995);B,aese e(a /., Cancer Gene Tne, 2.29,-2 
1 Behr et a,. BioconJu g a<e CHen,. 5:382-389 (,994); Remy * 
0^ 5:647-654(1994, ^^"^^S^ 
5 52,8,7-4820 0 99^ 

4 261 975, 4,485,054, 4,501,728, 4,774,085, 4,837,028, and 4,946,787) 

TheuseofRNAorDNAviralbasedsystemsforthedehveryofnucle-c 

acds encoding engineered ZFP ta k e advantage of highly evolved processes for targes a 
20 vectors can be administered directly to patients (*, v,Vo) or they can be used to tre cells 
Jed systems for the delivery of ZFPs could include retroviral, lentivrus, adenovral, 

currentlythemostefficientand — 
25 Lues ,„,egrat,oni„mehostgenome,possib,e W im.heretrovirus,,e„,,v ira s,^ 

many different cel, types and target tissues. 

Thetropismofaretroviruscanbeaiteredbyincorporatrngforergn 

V ec,oleretrovira,vec,or«atareab,etotransduceorinfectnon-d m dmgce,,sand 
Z Lyproducehi^viraUiters. Selection of a retroviral gene — system would 



4U 

termina, repeats with packaging capacity for up to 6-10 kb of foreign sequence. The 

which are then used to integrate the therapeutic gene into the targe, eel! to provide 
5 ^Ittransseneexpressio, Wide ly used rctrovira. vectors inciude those has. upon 

deficiency virus (SIV), human immuno deficiency virus (HIV), and come— hereof 

, i t/' i *fi-r7-u 2739(1992); Johanne< <?/ ,-'• "">'• 
(see eg Buchschere/a/.,./. 1W. 66.2731-2/J9 (i^ J, 

(see, e.g., du (1990V Wilson e( a/., J. Virol. 

«1635 1640(1992);Sommerfelte(a/., tW. 176.58-59 (199U), w 
66.1635-1640(199/;, PCTAJS94/05700). 
10 63 2374-2378 (1989); Miller e< a/., J. Virol 65.2220 2224 (199 

Inapplicationswhere — expressionoftheZFP.spreferred 

adenovira. based systems are typically used. Adenoviral based vectors arecapableof 

procedures (see, e.g., West « a/., Wr gy ^ 
WO 93/24641; Kotin, Human Gene Therapy 5:793-801 (1994), My 
wu ' . r nmhinant AAV vectors are described in a 

Invest. 94:1351 (1994). Construction of recombinant AAV v ; Mot Cell 

B ,, ; .5:3251-3260(1985);Tratsch^ 

Hermona. * Muzyczka, PNAS 81:6466-6470 (1984); and Samuiski e, «/.,.. 

63:0382M828 I 1 1 :— .atleastsixviraivectorapproachesarecurrently— efor 

gene transfer ^^^^^^^^^ 
tern All of these viral vectors utilize approaches that invoWe complements of 
system. All of these ^ agent . 

defective vectors by genes inserted into helper ceil line:, 6 , 

pJsNandMFG-Sareexamplesareretroviralveetorsthathaveb.n 

, df ^ rs-1048-305 (1995); Kohn a/., Afed. 
270:475-480(1995)). Transduction efficiencies of 50 /o or greater 



15 



O 20 



25 



10 



15 



MFG-S packaged vectors. (EUem e, al. Immunol ImmunCke, 44(l):10-20 (1997), 
Dranoffe. at.. Hum. GeneTher. 1:111-2(1997). 

Recombinant adeno-associated virus vectors (rAAV) are a prom.smg 
aUemativegenedeliverysystemsbasedonure defective and nonpathogenic parvovrus 

the AAV 145 bp inverted terminal repeats flanking tire transgene expression cassette. 

le transduced cellarekeyfeahtres for this vector system. (Wagner-/.,^ 
351-91 17 1702-3 (1998), Keams e, al. Gene The, 9:748-55 (1996)). 

Replication-deficient recombinant adenoviral vectors (Ad) are 
predominantly used for colon cancer gene therapy, because they can be produced at htgh 
C ^theyreadiiymfectanumberofdifferentceHtype, Most adenovrus vecors are 

fcJL in trans. Ad vectors can transduce muhtply types of tissues . v,vo, mclung 
hiding, d—atedcens such ^ ^ found in the liver, ktdney a„« 
system tissues Convention. Ad vectors have a ,arge carrytng capac.ty. An example 

irnmunizationwimint— ^ 
, (1998)). Addttionalexamplesoftheuseofadenovtrusvectorsforgenetransf r n 

Oene Tne, 9:7 , 083-1089 (.998); We.sh « a,.. Hum. Gene Tne, 2:2^8 ,995 
Alvarez e, a,.. Hum. Gene Tne, 5:597-613 (1997); Topf « al.. Gene Tne, 5.507-513 
(1 998);Sterman^..H« M .G^7^. 7:1083-1089(1998). 

Packagingcellsareusedtoformvirusparticlesthatarecapableof 
i„fectingah„stce.l.Suchce,lsinc.ude293ce,.s,whichpackageadenovirus,and V 2 

luygeneratedbyproducerceUlinethatpackagesanucletcactd vector m» a vtra, 

3U pacKagmgoii miccine viral functions are 

an expression cassette for the protein to be expressed. The rmssuvg 
supplied in trans by the packaging cell line. For example, AAV vectors used in &™ 
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for packaging and integration into the host genome. Viral DNA is packaged in a ceH line, 
which contains a helper p.asmid encoding the other AAV genes, namely rep and cap but 
lacking ITR sequences. The ceil line is also infected with adenovirus as a helper. The 
helper virus promotes replication of the AAVvector and expression of AAV genes from 
the helper plasmid. The he.per p.asmid is no, packaged in significant amounts due to a 
lack of ITR sequences. Contamination with adenovirus can be reduced by, e.g., heat 
treatment to which adenovirus is more sensitive than AAV. 

in many gene therapy applications, it is desirable that the gene therapy 
vector be delivered with ahigh degree of specificity to aparticu.ar tissue type. A v,ra. 
vector is typical* modified to have specified for a given cell type by expressing a hgand 
asafus^n protein wUhavirai coat protein on the vrrusesouter surface. The hgandts 

chosen to have affimty for a receptor known to be present on the cell type of mteres. For 
example, Han e( P^92:9747-975, (1995), reported that Moloney munne.eukem.a 
virus canbemodified to express human heregulin fused to gp70, and the 

receptor. This principlecan be extended to other pairs of virus expressing a hgand fusion 
protein and target cel. expressing a receptor. For example, filamentous phage canbe 
engineered to display antibody fragments (e.g., FAB or Fv) having specific binding 
engmee A | tnou gh the above description applies 

affinity for virtually any chosen cellular receptor. Altnoug 

primari.y to viral vectors, the same pnncp.es can be applied to nonvira. vectors. Such 

specific target cells. 

Genetherapyvectorscanbedelivered.Wvobyadm.mstrat.ontoan 

individual patient, typicauy by systemic administration (e.g., intravenous, intrapentoneal, 

5 i„_u,ar,subderma,,or.n^ 

below. Altemative^vcctorscanbedeliveredtocells.v^suchascellsexplaned 

from an individual patient (e.g., lymphocytes, bone marrow aspirates, tissue ^^^^ 
universa, donor hematopoietic stem cells, foUowed by reimp.an«at,on of the ce.ls mto 
patient, usually after selection for cells which have incorporated the vector. 
. 0 &vi vocell,ransfectionfordiagnostics,research,orforgenemerapy(e.g., 

skill in the art. m a preferred embodiment, cells are isolated from the subject organism, 
skin mine v „ rTM M and re-infused back into the subject 

transfected with a ZFP nucleic acid (gene or cDNA), ana re inrus 
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—■ rjirrjri, 

* rM CSF IFN-t and TNF-a are known (see Inaba et ai, 
cytokines such a GM-Cbt, lrw 7 <" 

,76;169M7 " ( ;Z 11 sa I e — for — , ona „ dd — .onu^^n 

p — ^^^^ 

transdu cti onofcens^vo. **^^™2^*^*«> 
ornate contact wi^blood or t,ssue celis. SmmMe rn ^^ 

of pharmaceuuca! compositions of the present mvenfon, as 
femi „ g , OT ' S P^™«c^ Ca /Sde n ce S , 17th ed., 1989). 

) 

™^2!Z*2 ^, factor tntneao.in.strationofpo.^econ.ponnas.sncn 
..eZPPs.is — t.t.epo^.ras.e^to^erse.ep^a . - 
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p „p„unds,macromo,ecu 1 ^^Z^^^ 
proteins and other compounds such as liposomes have 

translocate across cell membranes, in ^ 

: -t:r:i™r 

t0 have similar eel! membrane translocation charac,enst,cs (see, e. g 

Examp 7Fpintocells include, but are not limited to: an 11 

animoacidpep«ideof.he,atpro«emofHlV,a20r P 

.^e R4 1 0^5 of the pl6 protein (see Fanraeus ei ai., v, 

~ • ,i ^traiwlocation domain or polypeptide Dinosw* 
polypeptide. Typtcally, the translocate ^ .^.^ 

receptor, and then the toxin is transported into *. cdL a 

Cta***-",-**-- iota toxin, diphmenatoxm(DT), P^ e 

• <w B a dUus a nthr a cislo™,wAprtuss*° denylate cyclase iv 
pertussis toxin (PT), Baallus m ^ 

have been used in attempts to deliver pepudes to the cell cytos 



HO 

„ , m ofa-WA 3341 (1993); Perelle et al, Infect. 

ta mM «.,61:5147-S156(1993);Stenmark^a;.,/C,Hft 0 /.U3. ^ 

, , PW^OO-3530-3534 (1993); Carbonetti et al., Abstr. Annu. Meet. Am. 
Donnelly et al, PNAS 90.3530 3534 U > >. 

So , 95:295 (1995); Sebo « a/., Infect. Intntun. 63.3 51 3 57 (1 P 

S e(a; .,P^a5...89:10277.1028 1 (1992);andNova 1 c el a/.,X B!O /.C^.267.17186 

171 93 1992)) 

' SuchsubsequencescanbeusedtotranslocateZFPsacrossace..- -,. 

be used, e.g., a peptide linker. nrpferab lv a 

The ZFP can also be introduced into an animal cell, preferably 

rLp,e, i „apa, S We m anne r wne rei n t hel 1 pos om e bilay e rd e gr adesove r me 

25 rile ..onofvanousa^sintbeboav. Alternatively, active drug release 
LwesusinganagenttoinduceapermeabiUtychangeintbeUposomevestde 

^ogenl ^^^^^ 
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"fusogenic" systems. 



„ 0 ,-7 mx 4946 787 PCT Publication No. WO 
4,485,054, 4,501,728, 4,774,085, 4,837,028, 4,946,787, 

91U7424,Dear„er & Ba„ gh a m ,^«^^ 

a , PM« 76.3348-3352 (1979); Hope * ***** ^ 815 « ^ 

40-89 (1986)- Gregorizdis, Liposome Technology^**) 

1 Lotions (1993)). Suitable methods include, for example, sonication, 

Physics to Applications {WV) detergent dialysis, calcium- 

known in the art. desirable to target the 

mcertainembodimentsofthepresen.mvennon.U.sdes.rable g 

Uposornesoftheinvention using targenng -et.es tha, are spec* to a parttcular ce 
and the like Targeting of liposomes using a variety of targetmg mo.ettes 

TTS Patent Nos 4,957,773 and 4,603,044). 

25 over-expression of oncogenes, such as ras or c erbtfz. 

„ h hv fetal tissue such as the alphafetoprotem (AFP) ana 

antigens normally expressed by fetal tissue, s ,: a$mose d using various 

• rrvA^ Sites ofviral infection can be diagnosed using vd 
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Standard methods for coupling targeting agents to liposomes can be used. 
These methods generally invoive incorporation into liposomes lipid components, , g 
phosphaudylethanolarnine, which ^^ MM ^T^L 
deriLzed UpophUic compounds, such as lipid derivati Z edbleom y cm. Anttbody targeted 
hposomescanbe constructed using, for instance, liposomes wmch mcorporate protem A 
(see Renneisen e,al., J. Biol Chen,., 265:16337-16342 (.990) and Leonett, e t al.,PNAS 
87:2448-2451 (1990). 
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For therapeutic applications of ZFPs, the dose administered to a pahent, m 
the contextofthc present invention shou,dbe sufficient to effect abeneficia, therapeuttc 
response in the patient over time. In addttion, particular dosage regimens can be useful 
for determining phenotypic changes in an experimental setting, e.g., in funcuona 
genomics studies, and incel, or anhnal models. The dose will be determined by the 

.heconditionofthe pattern, as well as, he body weight or surface area of the pattent to be 
treated. The srze of the dose also will be de.erm.ned by the existence, nature, and extent 
of any adverse side-effects that accompany the admimstration of a particular compound 
or vector in a particular patient. 

The maximum therapeutically effective dosage of ZFP for app—ely 
99* binding to target sites is calculated to be in the range of less than about 1.5x10 to 
1 5xl0« copies of the specific ZFP molecme per cell. The number of ZFPs per ce 1 for 
this .evel of bmding is calculated as follows, using the volume of a HeLa cell nucleus 
(approximately 1000 or 10T« U CeUBioto^ (Altman * Katz, ed, (1976)). As the 
HeLanucleusisrclativeiylarge.misdosagenumberisrecalculatedasneededustngthe 

volume ofthe target cell nucleus. This calculation a!so does no, take mto account 
competition for ZFP binding by other sites. This calculation also assumes that essentially 
al. ofthe ZFP is localized to the nucleus. A value of lOOx K, is used to calcu.ate 

approximately 90"/. binding of to the target site. For this example, K. = 25 nM 
ZFP + target site 4-» complex 
i.e., DNA + protein <-> DNA.protein complex 
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K<j = [TOM A] rnroteini 

[DNAtprotein complex] 
When 50% of ZFP is bound, K<j = [protein] 
So when [protein] = 25 nM and the nucleus volume is 10 12 L 
[protein]= (25xl0- 9 moles/L) (10 12 L/nucleus) (6x1 0 23 molecules/mole) 
= 15,000 molecules/nucleus for 50% binding 
When 99% target is bound; 100x1^ = [protein] 

lOOx Kd = [protein] = 2.5 uM 

(2 5xlO- 6 moles/L) (10- 12 L/nucleus) (6xl0 23 molecules/mole) 
= about 1 500,000 molecules per nucleus for 99% binding of target site. 
The appropriate dose of an expression vector encoding a ZFP can also be 
calculated by taking into account the average rate of ZFP expression from the promoter 
and the average rateofZFP degradation in thecell. Preferably, a weak promoter such as 
a wild-type or mutant HSV TK is used, as described above. The dose of ZFP m 
Xerograms is calculated by taking into account the molecular weight of the particular 

ZFP being employed. 

In determining the effective amount of the ZFP to be administered m the 
treatment or prophylaxis of disease, the physician evaluates circulating piasma leve.s of 
the ZFP or nucleic acid encoding the ZFP. potential ZFP toxicities, progress^ of the 
disease, and the production of anti-ZFP antibodies. Administration can be accomplished 
via single or divided doses. 
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Pharmaceutical compositions and administration 

ZFPs and expression vectors encoding ZFPs can be administered drrectly 
,o the patient for modu.ation of gene expression and for therapeutic or prophylactic 
apphcations, for example, cancer, ischemia, diabetic retinopathy, macular degenerate, 
rheumatoid arthritis, psoriasis, HIV infection, sickle cell anemia, Alzheimer's dtsease 
muscular dystrophy, neurodegenerative diseases, vascular disease, cystic fibrosrs, stroke, 
and the like. Examples of microorganisms that can be inhibited by ZFP gene therapy 
30 include pathogenic bacteria, e.g., chlamydia, rickettsial bacteria, mycobactena, 

staphylococci, streptococci, pneumococci, meningococci and conococct, klebstella, 
proteus, serratia, pseudomonas, legionella, diphtheria, salmonella, bactlh, cholera, 
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fungus, e.g P S dilates (Trypanosoma, Leishmania, Tnchomonas, 

rhizopods (e.g., Entamoeba) and flagellates UOP ,„„VZVHSV-1 
Giartia etc.);vira, diseases, e.g., hepatitis (A, B, or C), herpes vrrus (, g VZV, HSV U 

vilU s rotavirus, measles virus, rubella virus, parvovirus, vacenua vrrus, HTLV Vtrus, . 

Adnrinistrat-onoftherapeuticallyetlectivearnountsisbyanyofthe^ 
rFPsJeadministeredinanysuitable — preferabiywithpharnraceuUc^ 

^owntothoseofsidlHntheart.and.a.thoughrnorethanoneroutecanbeusedto 
; administeraparticularco.nposition.aparticu.arroutecanoftenprov.dean.ore 
inunediateandmoreeffectivereactionthananotherroute. 

Pharmaceutical* acceptable carriers are deterrmned m part by the 

particular c..^^^^^^^^^^ 
ofpharmaceutica, compositions of the present invention^*, , g „ — 
Pharmaceutical Sciences, 17 th ed. 1985)). 

The ZFPS, alone or in combination with other suitable components, can be 
m ade into aerosol formulations (i.e., they can be "nebulized") to be admimstered vta 

such as dichlorodifluoromethane, propane, nitrogen, and the hke. _ 

Formulations suitable for parentera. administrafon, such as, for example, 
by mtravenous, intramuscular, mtradermal, and subcutaneous routes, indude aqueous and 

oactelstats, and solutes mat render the feneration isotonic wtth the blood of the 

practice of this invention, compostttons can be admuustered, for e p , y 
L*ion,o ra llv,.opical^ 



3U 

--tssrsr 

_ wld e ly ,P— — - = — — . 
20 presentinthefattyacdsmakmsuptheTAGs^ P ? The same 

desaturase, also referred to as omega-6 desaturase. a 



Pft^ioZ. 110.3H W 7FPs can thus be used to module gene 

expression of FAD2-1 tnplants P accumulation of oleic acid (18:1) in 

acetyl-Co A carboxylase, acyl-ACP-thioesteras s 

chelators, fatty actd hydroperox.de iyase, polygalacturonase, EPSP synthase, p 

• ♦ wrells Techniques for transforming a 
- yppnfthe invention to plant cells. ieu" u 4 u 

on of the ZFP in all tissues of a regenerated plant. Such promoters are 
d.rectexpressronoftheZFP.n enviro nmental 

Alternatively, the plant promoter may drrect express.on of me ZFP. 
Itrol.Suchpromotersarereferredtohereas-inducb.e-promoters. Examples 
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environment ■conditions thatmay effect Option by inducible promoters include 
anaerobic conditions or the presence of light. 

Examples of promoters under developmental contro! mclude promoters 

7FP in flower of a plant. . 

ThevectorcompnsingtheZFPseuuenceswilltypicaUycompnseamarker 

g ene which confers a selectable phenotype on plant cel.s. For example, the marker may 
10 ncode biocide resistance, particularly antthiotic resistance, such as res.star.ee to 

Lamycin, G41 8, bleomycin, hygromyc.n, or herbic.de res.stance, such as res.stanceto 

plan, nostbyavarietyofconventiona, technics. For example, the DNA construct may 
, 5 b eintroduceddirect,yintothe g enomicDNAo f ,hep,antce«usin g techn.auessuchas 

elLporat,nandm.croi nj ec,onofplantee,,p^ 

^^^-^«*«-»^^~ : t ^:: ct 

20 hostvector.Thevirulencefunctionsom^^^^ 

sci e„t lf icandpatent,iterature. *»*^ rf ™^"^^ 

Electroporation techniques are described in Fromm « «/. 82 .5824 » 
^formation technics are desenbed in Klein../. ^^^^ 

30 and FialeyefolPJWS 80:4803 (1983)). 

Transformed plan, cells which are derived by any of the above 

„ar*fonna„ontechm q uesca^ 
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techniques rely on manipuiation of certain prohormones in a tissue culture growth 
introduced together with the ZFP nuclide sequences. Plant regeneranon from culn, 

Plan, Cell Culture, pp. 124-176 (1983); and Binding, Region of Plants, Plan, 
Protoplasm pp. 2!-73 (1985). Regeneration can also be obtained from plan, calms, 
explants, organs, or parts thereof. Such regeneration techniques are described g-eneraUy 
inKleeelal.Ann. Re,. ofPlantPhys. 38:467-486(1987). 



Functional genomics assays 

ZFPs also have use for assays to determine the phenotypic consequences 
and taction of gene expression. The recent advances ic analytical techniques, coupled 
with focussed mass sequencing efforts have created the opportunity to id*** and 
characterize many more molecular targets than were previously available. This new 
information about genes and their functions wil, speed along bas.c biological 
understanding and present many new targets for therapeutic intervention. In some cases 
analytical tools have no, kept pace with the generation of new data. An example ,s 
provided by recent advances in the measurement of global differentia, gene expression. 
These methods, typified by gene expression microarrays, differential cDNAclomng 
frequencies, subtract hybridization and differential display methods, can very rapidly 
identify genes that are up or down-regulated in different tissues or in response to specific 
stnnu.i.mcreasingly.such methods are being used to explore biological processes such 
as, transformation, tumor progression, the inflammatory response, neurological disorders 
etc One can now very easily generate long iists of differentially expressed genes that 
corre.a.ewithagivenphysiologicalphenomenon.butdemons^atingacausattve 

relationship between an individual differentially expressed gene and the phenomenon ,s 
difficult. Until now, simple methods for assigning function ,o differently expressed 
genes have not kept pace with the ability to monitor differentia, gene expression. 

Using conventional molecular approaches, over expression of a candidate 
0 genecanbeaccomplishedbycloningaful.-lengthcDNA.subcloningitintoa 

mammalianexpression vector and Meeting me recombinant vector mto an appropriate 
hostceil. T*^**n*^™^^**^^** 
initial candidate gene is represented by a simple expressed sequence tag (EST), Under 
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expressionofacandida,e g eneb y «io„ar m emo< i sis y e, m orep^ m a« 1 c. 

Antisense methods and methods .ha, rely on targeted ribozymes are ***** 
.uceeedingforon.yasmal.rractionofthetargetssdected. Gene knockout by 
homo.ogous recombmation works fairly we,, in recombinogenic stem cells bu, very 

genomic DNA (on the order of .0 kb) should be isolated for recombtnauon to work 
efficiently. ^ ^ ^ ^ ^ ^ ^ ^ ^ 

fi nger-basedDNAbi„ding domain for each candrdate gene, create chtmencup and ^ 

regulating artificial transcription factors and test the — ^ ° f " P " ^ , . 
ia,ionon,he P heno W eunderstudy(transformation,res P onse,oacytokmeetcOby 

switching the candidate genes on or off one a. a time in a mode, system 

« s specific examp.e of using engineered ZFPs to add functtona! 

mf—ntogenomtc^^ 

benefit from the specific up or dow„-regu,ation of a gene or genes could benefit from 

0 reliability and ease of use of engineered ZFPs. „ ,, hv 7 FPs than 

Additionally, greater experimental control can be .mparted by ZFPs than 

thls approach are provided by the Tet-On system, the ecdysone-regulated system .d a 
25 system incorporating a chimeric factor induding a mutant progesterone recepto. These . 

gene of interest or any transgene by placing the function and/or express.on of a ZFP 
regulator under small molecule control. 
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movement in these type, of methods because one can circumvent the need for 
generating full-length cDNA clones of the gene under study. 

Likewise as with cell-based systems, conventional down-regnlaUon of 

by homologous recombination is the method most commomy apphed cu,en,l.Ths 
kb) Typically.aselectab.emarkerisinsenedmtoanexonofmegeneofmterest.o 

regionofhomology to select homologous versus ^^^^Z 

auimals. ^0^^^^^^^^^ 

.imalscanbegeneratedinapp— ^ 
oftenpreventmesuccessmlapplicattonofmeknockou.technology-.embryoncl.hahty 

and developmental compensation. Embryonic lethality results when the gene to be 

^^^^^^'^^^^^^^ 
^^^^^^^^^^^ 

versus in adul.an.mals. Therefore, embryonic lethaHty is not cons.dered a — e for 

Embryonic lethality most often simply means that the gene of mteres, can no.be eas.ly 
studied in mouse models, using conventional methods. 

Developmentalcompensationisthesubstitutionofardatedgeneproduc, 

for the gene product being knocked out. Genes often exist in extensive fam.hes. 

substitution ofonefamilymember for .T^-«— 
substituUonmay .-b.^^^^^ A^^-*--^ 

that gene's function in an adul,wou.d otherwise cause aphys.olog.ca, change. 
Kind of false negative result that often confounds the interpretation of conventual 
knockout mouse models. '■ 
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A few new methods have been developed to avoid embryonic lethality. 

Lcedinaduhmicepost-development. This causes the deletion of a po rt ,on of the 

suffersfoHnchimensmduetonon-uniforminductionoftherecombinase. - 

The use of engineered ZFPs to manipulate gene expresston can be 
restricted to adult annuals using the small moiecuie regulated systems described m the 

, ; vtoussecUon. B^^^^'^T^ 
witchedoffduringdevdopmentandsw.tchedonatwilHntheadultantmals. Thrs 

approach rehes on the addUionoftheZFP expressing module only;h„mologous 

■ ■ ,h„ m ^vpositv These ssues dramatically atiect 
concern about germline transmtss.on or homozygosity. In H'date tacDNA or 

5 the time and labor required to go from a poorly characterized gene candidate cDNA or 
2 ConCtoamousemodel. rUs^^^^^^ 
gene targets for therapeuttc intervention, generate novelmode, systems and penrnt 
analys.s of complex physiological phenomena (development, hematopoiesis 

(1987); and Capecchi et al, Science 244:1288 (1989. 

AH publications and patent applications cited in this specification are 

25 hereinincorporatedbyrefer^ 

werespecificallyandindividuallyindicatedtobeincorporatedbyreference. 

Although the foregoing invention has been described m some detad by 
way of —on and example for purposes of Carity of understanding, it will here, .,y 

30 ceLnchangesandmodificationsmaybemadetheretowithoutdepartmgfromthesprnt 

or scope of the appended claims. 
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EXAMPLES 

i ~ provided bv way of illustration only and not 
The following examples are provided by way 

■ TWe of skill in the art will readily recognize a variety ot 

5 results. 

.• nf 7FPs targeted to the human VEGF gene - 
Example I: Design and testmg of ZFPs targete 

^^IlLlare—l 
^eDNAsecuences — inthep— ^^^^^^ 

10 ^ac^VBCF^e. ^^^^^^^ 

^construcnonofdes.gnedZFPs. „ 5;7857 . 7861 (1988)). Si.e- 

ZFPs, VEGF1 and VEGF3a, is summarized in Table 1 . 
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Amino acids chosen 



Table 1 

for recognition helices of VEG^recog^uzmg^FPs 
Fin ger 3 



VEGF1 



VEGF3A 



15 



20 



Coding stances were constructed to express these peptides using a PCR- 
ohgonucleotidesfol.gos^.andSm*^^^^^^ 

Xonucico desre.nainconstantforan^incr.nserconstruc, Theother*ree spc« 
helices TheseoHgonue,eo«idesco„,ainedsubsti.u.ionsat P osmons-l,2,3and6ont 

The PGR synthesis was carried out in two steps. Fust, the double stranded 
DNA template was created by combining the six oligonucleotides (three universal, three 

sip. Atthis temperature, the six o.igonucleotides Join to *™ ^ 
Jsinthe scaffold were filled in by a combination of Ta, and Pfu polymerases, br the 

extemaprimers that were designed to incorporate restriction sites 

pUC19. Accuracy of clones for the VEGF ZFPs were verified by DNA sequencing. The 

DNA sequences of each of the two constructs are listed below. 

ggtacccatIcctLaagaagaa^^^ 



^AAGTTTACGGCACAACCTCAAATCTGCGTCGTCACCTG^G^TGGCAC^^ 
rrcCGAGAGGCCTTTCATGTGTACCTGGTCCTACTGTGGTAAACGCTTCACCC 
GTTCG^3A^^^CTGCAGCGTCACAAGCGTACCCACACCGGTG^G^AG^\AATT 
TGCTTGCCCGGAGTGTCCGAAGCGCTTCATGCGTAGTGACCACCTGTCCCGTC 

ACATCAAGACCCACCAGAATAAGAAGGGTGGATCC 
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VEGF1 translation: 



VEGF1 translation: 

VPIPGKKKQHICHIQGCGKVYGTTSNLRRHLRWHTGERPFMCTWSYCGKRFTRS 
SNLQRHKRTHTGEKKFACPECPKRFMRSDHLSRHIKTHQNKKGGS 

VEGF3a: 

GGTACCCATACCTGGCAAGAAGAAGCAGCACATCTGCCACATCCAGGGCTGT 

"xaaILtacggccagtcctccgacctgcagcgtcaccx^ 

CGGCGAGAGGCCTTTCATGTGTACCTGGTCCTACTGTGGTAAACGC^CACCC 

gttcgtcaaacctacagaggcacaagcgtacacacaccggtgagaagaaay 

TGCTTGCCCGGAGTGTCCGAAGCGCTTCATGCGAAGTGACGAGCTGTCACGA 
CATATCAAGACCCACCAGAACAAGAAGGGTGGATCC 

VEGF3a translation: 

VPIPGKKKQHICHIQGCGKVYGQSSDLQRHLRWHTGERPFMCTWSYCGKRPTRS 
SNLQRHKRTHTGEKKFACPECPKRFMRSDELSRHIKTHQNKKGGS 

The ability of the designed ZFPs to bind their target sites was venfied by 
expressing and purifying reconrbtnant protein frotn £ C o« and performing electrophone 
mobility shift assays (EMSAs). The expression of ZFPs was carried out m two afferent 
systems, in the firs, the DNA-binding peptides were expressed in E. coU by msertmg 

•1 w^PTiSh vector fNovagen). This vector contains a 
them into the commercially available pETl 5b vector ^ov^g , 

^ ^vp exnression of the recombinant protein. The constructs 
T7 promoter sequence to drive expression oi uie ic r . 3 ... ~ n 

, were mtroduced tnto E coU BL21/DE3 (,acl<) cells, wh,ch eontain an IPTG-tnducb.e T7 
poiymerase. Cultures were supplemented with 50 uM ZnCl 2> were grown at 37°C to an 
OD a, 600 nm of 0.5-0.6, and protein production was induced with IPTG for 2 hrs. ZFP 
expression was seen a, very high levds, approximately 30% of total ceUu.ar protem 
(Figure 2). These proteins are referred to as "unfused" ZFPs. 

.« Partially pure unfused ZFPs were produced as follows (adapted from 

' oesiarlais^erg,^,^ 

frozen cell pe.le, was .suspended in 1/50* volume of 1 M NaCl, 25 mM Tns HC1 (pH 
8 0) 100 ,M ZnCh, 5 mM DTT. The samples were boiled for 10 min. and centnfuged 
for io min. at -3,000 x g . At this point the ZFP protein in the supernatant was > 50% 

30 pure as estimated by staining of SDS polyacrylamide gels with Coomassie blue, and the 
product migrated at the predicted molecular weightof around U kDa (Figure 2). 
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The second method of producing ZFPs was to express them as fusions to 
,he* coli Maltose Binding Protein (MBP). N-terminal MBP fusions to the ZFPs were 
constructed by PGR amplification of the pETl 5b clones and insertion into the vector 
pMal-c2underthec„ntroloftheTac P r„moter(NewEnglandBiolabs). The fuston 

ahows simple purification and detection of the recombinant protein. It had been reported 
previously that zinc finger DNA-binding proteins can be expressed from this vector m 

soluMe form to high levels in E. coli and can bind efficiently to the appropriate "DN A _ 
target without refolding (Liu c, a,. PNAS 94:5525-5530 (1997)). Production of MBP- 
fusedproteinswasasdescribedbythemanufacturerrNewEnglandBrolabs). 
Transformants were grown in LB medium supplemented with glucose and amp.dhn, and 
were induced with IPTG for 3 hrs at 37°C. The cells were lysed by French press, men 
exposed to an agarose-based amylose resin, which specifically binds to the MBP moiety, 
thus acting as an affinity resin for thrs protein. The MBP fusion protein was elated w,th 
,0 mM maltose (Figure 2C) to release ZFP of >50% purity. In some cases, the pro.ems 
were further concentrated using a Centricon 30 filter unit (Anucon). 

Partially purified unfirsed and MBP fusion ZFPs were tested by EMSA to 
assess binding to their targe. DNA sequences. The protein concentrations in the 
preparations were measured by Bradford assay (BioRad). Since SDSpolyacrylam.de gels 
demonstrated >50% homogeneity by either purification method, no adjustment was made 
for ZFP purity in the calculations. In addition, there could be significant amounts of 
inactive protein in the preparations. Therefore, the data generatedby EMS As below 
represent an underestimate of the true affinity of the proteins for their targets (,e 
overestimate of K.S). Two separate prepares were made for each protein to help 
control for differences in ZFP activity. 

The VEGF DNA target sites for the EMSA experiments were generated by 
embedding the 9-b P binding sites in 29-bp duplex oligonucleoudes. The sequences of the 
recognition ("top") strand and their complements ("bottom") used in the assays are as 

VEGF site 1, top: S^CATGCATAGCeGGGAGGATCGCCATCGAT 
VEGF site 1, bottom: 5'-ATCGATGGCGATCCTCCCCGCTATGCATG 
VEGF site 3, top: S'-CATCKATATCG^GGAfieCITCSGCATCGAT 
VEGF site 3, bottom: 5'-ATCGATGCCAAGCCTCCGCGATATGCATG 
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The VEGF DNA targe, sites are underfined. The 3 bp on either side of the 

m M Tn s-HC 1( pH8.0), 1 mME DTA ,a„d50 m MNaC 1 . The m x was heated o 95 C for 
5 rain, and s,ow cooied to 30°C over 60 min. Duple* formation was confirmed by 
poiyacryiantidegeieiecophoresi, Free label and ssDNA remaining in the target 
preparationsdidnotappeartointerferewimthebindingreaetions. 

Binding of the ZFPs to targe, oligonucleotides was performed by titrating 

on.a,ned 1 0fmo,e(0,nM)5---P-labe,ed double-stranded 

J addedlone fifth volume from a di.ution seHes made in 2 00 nu, NaC, 20 rnM J s 
Ih75) 1 mM DTT. Binding was allowed to proceed for 30 min. at room temperam. 

Tril-HCl gels (BioRad) and ste ndard Tns-Glycine running buffer contatmng 0, mM 

Zl,Cl2 ' TheresnltsofatypicalEMSAusinganMBPfasedZFPareshownin 
20 Fi g ure3.In,hiscase,a3-fo 1 ddilutionseriesofme^P-VEGF.p r oteinwasus^The 
Mfiedproductwas^antitatedonapbosphorimagertMolecularD^andthe 

plotted An apparent Kd was found by determining the protein concentration that gave 

25 approximately 2 nM. . 

The binding affinities determined for the VEGF proteins can be 

EMSA analyses^ averageapparentK, was dete^ 

7 h J, VEGFsitel VEGF3aboundwelltoitstargetsitebutw 1 thahigher 
when bound to VEGF site 1. ^ mbothcases 

30 apparent K<j than VEGF1; the average K<j for VEGrja w 
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SP-lZFPs which yie.dedK,sof60and 65 „M, respective*. These results are similar ,o 

eg Jamieson* a,., Blocked 33:5689-5695 (1994)). The K,s for the synthettc 
VEGF ZFPs therefore compare very favorably with those determined for these naturally- 
occurring DNA-binding proteins. 

In summary, this Example demonstrates the generate of two novel DNA- 
binding proteins directed to specific targets near the transcriptional start of the VEGF. 
gene. These proteins bind with affinities similar to those of naturally-occurnng 
transcription factors binding to their targets. 

Example II: Linking ZFPs .o bind an 18-bp targe, in the human VEGF gene 

An important consideration in ZFP design is DNA target length. For 
ra ndom DNA, a sequence of n nuclides wou,d be expected to occur once every OS x 
4" base-pairs. Thus, DNA-binding domains designed to recognize only 9 bp of DNA 
„ould find sUes every 130,000 bp and cou,d therefore bind to multiple locations m a 
complexgen„me(on.heorderof20,000si«esinthehuman g enome). 9-bpputat.ve 
repressor-binding sequences have been chosen for VEGF in the 5' UTR where they might 
diltly.nterfere with transcription. However, in case zinc finger domains that recognrze 
9-bp sites .ack the necessary affinity or specificity when expressed inside ce„s, a iarger 
0 domain was constructed to recognize 18 base-pairs by joining separate three-finger 

domains withalmker sequence to form a six-finger protein. This should ensure tha, the 
repressor specifically targets the appropriate sequence, particularly under coupons 
where on.y small amounts of the repressor are being produced. The 9-bp target s.testn 
VEGF were chosen to be adj acen, to one another so that the zinc fingers cou!d be hnked 
,5 torecogntzeanlS-bpsequence.ThelinkerDGGGSwaschosenbecauseitpermtts 
' WingofZFPstotwoS-bpsi.esthatareseparatedbyaonenucleotidegap.aststhecase 

for the VEGF1 and VEGF3a sites (see also Liu e, a,.. PSAS 5525-5530 (1997)V 

The 6-finger VEGF3a/l protein encoding sequence was generated as 
follows. VEGF3a was PCR amplified using the primers SPE7 (5'- 
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follows. VKUfJawasr^aup'- „ — * 

GAGCAGAATTCGGCAAGAAGAAGCAGCAC)andSPEam P 12(5'. 

GTGGT21AQACAGCTCGTCACTTCGC) to generate EcoRI and Xbal restricts st.es 

at the ends (restriction sites underlined). VEGF1 was PCR amplified using the P""^ 15 
SPEampl3 (5-- CK3AGOCAASGCTGTGGTAAAGTTTACGG) andSPEampU (5 - 



GGAGAAGCTTGGATCCTC ATTATCCC) to generate Styl and Hindlll restriction sites 
u t onri QtvT sites where Xbal and Styl are 

Z ^ A^AAA-AAACAOCACATAXOXCACA^. 

nrrw hetween the two SP-1 domains. The 
This introduced the linker sequence DGGGS between me iw 

, ationproductwasrea.npUnedwid.prinrersSPEVanoSPBarnpii and— o . 
plULg the EcoRIandH,nd.n sites. The hn^ed ZFP sequences were then 
amplified with primers 

(1) GB19 

GCCATGCCGGTACCCATACCTGGCAAGAAGAAGCAGCAC) 

(2) GB10 jT , UT 
CAGATCGGATCCACCCTTCTTATTCTGGTGGGTto— e Kprd and BamHI 

The nucleotide sequence of the designed, 6-fmger ZFP VEGF3a/l from 



====== 

CGGCGAGAGGCCTTTCATGTGTACCTGGTCCTACTGTG 



20 GTTCGTCAAACCTACAGAGGCACAAGCGTACACACACAG^^G^GAAG^AATT 
TrCTTGCCCGGAGTGTCCGAAGCGCTTCATGCGAAGTGACGAGCTGTCTAGA 
CAC^X^^A^CCACCAGAACAAGAAAGACGGCGGTGGCAGCGGC^AAAAG 
AAACAGCACATATGTCACATCCAAGGCTGTGGTA^GTT^AC^GCACAACCT 
a xrTGCGTCGTCACCTGCGCTGGCACACCGGCGAGAGGCCTTTCATG 1 G 



CGCTTCATGCGTAG" 
GAAGGGTGGATCC 



CGCTTCATGCGTAGTGACCACCTGTCCCGTCACATCAAGACCCACCAGAATAA 
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The VEGF3a/l amino acid translation (using single letter code) is: 
TGEKKFACPECPKRFMRSDHLSRHIKTHQNKKGGS 



ThelS-bpbindingpro.einVEGFSa/Wasexpressedin^.coHa.anMBP 

fcsion purified by affinity chromatography, and tested in EMSA experiment, as 
"IdinBxie.THetarsetoUgonuc.eottdeswerepreparedasdesenhedand 

comprised the following complementary sequences: 

(1) JVF9 ^ A 
AGCGAGCGGGGAGGATCGCGGAGGCTTGGGGCAGCCGGGTAG, and ^ 

(2) JVF10 

CGCTCTACCCGGCTGCCCCAAGCCTCCGCGATCCTCCCCGCT. 

For the EMSA studies, 20 ,1 binding reactions contamed 10 fmole (0.5 

KC, 1 mM MgCl 2 , 5 mM dnhiothrettol, 10% glycerol, 20 ug/ml poly dl-dC, 200 »M 
ZCm—.and^MZnCl.Protetnwasaddeda.onefiahvolume.oma 

3 . M dd I ,u« i onsenes. Binding was allowed to proceed for 60 min a, enher room 
t empera,ureor37°C. Polyacrylamide g e, electrophoresis was camed ou, :« room 

;„,,—,»»>.» 

5 target However, for a DNA binding site either in vitro or in vivo, its occupancy is 
eanbemeasuredbycompetitionexperimentsasshownrnFtgure^Th 
EMSA were as described above; binding and electrophoresis were performed 37 C 

, ong erforVEGF3a/l than for VEGF1. Thus, under these * v«ro —s, th 
ccupancyof.be target site ismuchhigher for the 18-bp binding protem than for the 9 bp 
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binding protein. 



^^'"^^Exa.np.edesoribesthe—entofe^ssionvecto.for 

producingZFP ;:i:— "r^ 

o- i v vin,Q fHSV-n VP16 activation domain. 
dom,nofa b o U t 9 0ammoac^^^ 

domam, is modular and can boomed to other DNA b BP 
ofg enes containing the targetDNAsequenceCMargohn^Ul^ 

(199 4). WitzgaH «, a/., 0994), supra^ The KKAB domam ha, no effect by nse 
(iyy«;, s A-binding protein to function as a 

) domain from the human KOX-l protein, 

was used for the studies described here. Thrs 64 ammo acd dom am can e fu 

The VP16 protein ofHSV-1 has been studied extensively, 
!5 ^oK^ngdomainCHagmann..,, l t L e , Fo r 
" ^ ~- fr omp 1 asm 1 dp M SVP 1 .C +119 u,ng pn mers 



with the following sequences: 
30 (1) JVF24 

CGCGGATCCGCCCCCCCGACCGATG, and 

(2) JVF25 
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CCGCAAGCTTACTTGTCATCGTCGTCCTTGTAGTCGCTGCCCCCACCGTACTC 
GTCAATTCC^ ^ ^ ^ (o a ^ 

FLAG epitope-encoding sequence. 

Three expression vectors were constructed for these studies. The genera, 
design is summarized in Figure 5. The vectors are derived from pcDNA3.1(+) 
( ,„vitro g en),and pl ace the ZFP constructs under the controi of the cvtomegaWru, ^ 
CMV) promoter. The vector carries ampiciUin and neomycin markers for selection ,n 
bacteria and mammalian cell culture, respectively. A Kozak sequence for proper 
Toach-evenudearlocaltzationofthe products, the nuclear loca,i Z at,onse q uene^S) 

39-499-509 (1984)) was added. The insertion site forthe ZFP-encoding sequence is 

. „ Th, three versions of this vector differ in 

followed by the functional domain sequence. The three versions 
5 the functional domain; "pcDNA-NKF" carries the KRAB repression domain sequence, 
"pcDNA-NVF" carries the VP16 activation domain, and "NF-controP carries no 
Liona, domain. Following the functional domain is the FLAG epitope sequence 
(Kodak) to allow specific detection of the ZFPs. 

The vectors were constructed as follows. Plasmid pcDNA-AHB was 

and BamH, sites in the po^inicer. The vector P cDNA3,( + ) is described in*^ 

BcoRI/Xho! sites of pcDNA-AHB that contained the foUowin,. ,) a segment 
25 t oK P idco n taining t heKoza k sequenceincludingtheini,ia,ioncodona„dtheSV40NLS 

sequence, altogether comprising the DNA sequence a pctcGGAATCC 

gLhcgctagcgccaccatggcccccaagaagaagaggaaggtgggaatcc 

ATGGGGT AC 

altogether comprising the sequence 



GGTACCCGGGGATCCCGGACACTGGTGACCTTCAAGGATGTATTTGTGGACTT 

XLgctggagaactataagaacctggtttccttgggcagcgactaca 
aggacgacgatgacaagtaagcttcicgas 

5 where the KpnI.Ba.nHI and Xhol sites are underlined. 

The VEGF3a/l-KRAB effector plasmid was generated by msertmg a 
KpnI-Barnffi cassette containingtheZFP^^^^ 

Kpnl and BamHI. The VEGF1-KRAB and VEGF3a-KRAB effector plasmids ™ ^ 
10 L-KRAB-FLAGse.uencesin^contextofp^idpUtn.usZSCNewEng.and 

Xho, cassette, where theBglll site was placed tmmediately upstream of the EcoRI s„e 
(-E-plelVforexpressionof mesev^ ^ ^ follows . 

The effector plasmids used m Example v weic c 

20 ^^q^q^a^G^XIGCGATGGCGCATGCCGACGCGCTAGACGATTTCG^^CTGGA. 
CATGTTGGGGGACGGGGATTCCCCGGGGCCGGGATTTACC^^C^ACGACTX^ 

ckcccctacggcgctctggatatggccgacttcgagtttgagcagatgtttac 

CGATGCCCTTGGAATTGACGAGTACGGTGGGGGCAGCGACTACAAGGACGAC 

GATGACAAG^AAGCXL^ yEGF3a/l-VP16 vectors were constructed by inserting 
aKpnT-BarnHIcassettecon.rningtheZFPseauencesin.opcDNA-NVFdigestedwith 

^^"eeffectorp.asm.dsused.nE^ple VI were constructed as ,o„ows. 
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Hasmid NF-control was generated by inserting the sequence apptcgGAATCC 
GAATTCGCTAGCGCCACCATGGCCCCCAAGAAGAAGAGGAAGGTGGGAATCC 

^TACCCGGGGATGGATCCGGCAGCGACTACAAGGACGACGATGACA 
AGTAAGCTTCTCGAG 
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into the EcoRI-XhoI sites of pcDNA-NKF, thereby replacing the NLS-KRAB-FLAG 

sequences with NLS-FLAG only. 

VEGF1-NF and VEGF3a/l-NF were constructed by inserting a Kpnl- 
BamHI cassette containing the ZFP sequences into NF-control digested with Kpnl and 
BamHI CCR5-KRAB was constructed in the same way as the VEGF KRAB vectors, 
except that tire ZFP sequences were designed to be specific for a DNA targe, site tha, ,s 
unrelated to the VEGF targets. 

Finally, control versions of both the KRAB and VP16 expression plasrmds 
were constructed. Plasmid NKF-control was designed to express NLS-KRAB-FLAG 
without zinc finger protein sequences; plasmid NVF-con.ro, was designed to express 
NLS-VP16-FLAG without ZFP sequences. These plasmids were made by d.gestmg 
pcDNA-NKF and -NVF. respectively, with BamHI, filling in the ends with Klenow, and 
re.igating in order to place the downstream domains into the proper reading frame. These 
plasmids serve as rigorous controls for cell culture studies. 

Mammalian cell expression and nuclear localization of the VEGF 
engineered ZFPs was demonstrated through immunofluorescence studies. 293 (human 
embryonic kidney) cells were transfected with the expression plasmid encodmg the NLS- 
VEGF1-KRAB-FLAG chimera. Lipofectamine was used as described below. After 24- 
48 hours cells were fixed and exposed to a primary antibody against the FLAG ept.ope. 
) A secondary antibody labeled with Texas Red was applied, and the cells were counter 
stained with DAPI. Texas Red staining was observed to consistently co-localize w,.h the 
DAPI staining, indicating that the ZFP being expressed from mis plasmid was nuclear 
localized. 

5 Example IV: Repression of VEGF reporters in co-transfection experiments 

This Example demonstrates the use of transient co-transfection studtes to 
measure the activity of the ZFP repressor proteins in cdls. Such experiments invdve co- 
transfection of ZFP -KRAB expression ("effector") plasmids with reporter plasmtds 
carrying the VEGF target sites. Efficacy is assessed by the repression of reporter gene 
expression in the presence of the effector plasmid relative to empty vector controls. 

The reporter plasmid system was based on the pGL3 firefly luciferase 
vectors (Promega). Four copies of the VEGF target sites were inserted upstream of the 
SV40 promoter, which is driving the firefly luciferase gene, in the plasmid P GL3-Control 
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to create pVFRl-4x. This plasmid contains the SV40 enhancer and expresses firefly 
luciferase to high levels in many cell types. Insertions were made by ligating together 
tandem copies of the two complementary 42-bp oligonucleotides, JVF9 and JVF.O, 
described in Example II. Adaptor sequences were ligated on, and the assembly was 
inserted into the MluI/BglH sites of pGL3-Control. This resulted in the insertion of the 
following sequence between those sites: 

ACGCGTaagcttGCTAGCGAGCGQGGA^GATCGC2GAQS£XTGGGGCAGGCGGG 
TAGAC3CGAGCGGGGAefi^CQCSGAGe£TTGGGGCAGCCGGGTAGAGCGAG 
CG£GGAGGATCG£GGAG^CTTGGGGCAGCCGGGTAGAGCGAGCGGGGAGGA 
Tr GrnnAGGCT TGGGGCAGCCGGGTAGAGCGCTCAGaagcttAGATCT. 

The first six and last six nucleotides shown are the MM and Bglll s.tes; 
the lowercase letters indicate Hindlll sites. The binding sites for VEGFl and VEGF3a 
are underlined. 

The effector plasmid construction is described above. The VEGFl - 
KRAB VEGF3 a-KRAB , and VEGF3a/l-KRAB expression vectors were designed to 
produce a fusion of the SV40 nuclear localization sequence, the VEGF ZFP, the KRAB 
represston domain, and a FLAG epitope marker all under the control of the CMV 
promoter. The empty pcDNA3.1 expression vector was used as a control (pcDNA). 

All vectors were prepared using Qiagen DNA purification kits. Ftgure 6 
, shows a typical set of transfections using COS-1 (African green monkey kidney) cells. 
Approximate* 40,000 cells were seeded into each well of a 24-well plate and allowed to 
grow overnight in Dulbecco's Modified Eagle Medium (D-MEM) medium contammg 
10K fetal bovine serum at 37°C with 5% C0 2 . Cells were washed with PBS and 
overlayed with 200 ul of serum-free D-MEM. Plasmids were introduced using 
5 hpofectamine (Gibco-BRL). Each well was transfected with about 0.3 ug of effector 
plasmid, 0.3 ug of reporter plasmid, and 0.01 ug of plasmid pRL-SV40 (Promega) that 
had been complexed with 6 ul of hpofectamine and 25 ul of D-MEM for 30 min at 37°C. 
Transfections were done in triplicate. After 3 hrs, 1 ml of medium containing 10% serum 
was added to each well. Cells were harvested 40-48 hours after transfection. Luciferase 
,0 assays were done using the Dual Luciferase™ System (Promega). The third plasnud 
transfected, pRL-SV40, carries the Renilla luciferase gene and was co-transfected as a 



standar a f o rtr ans f ec ti o„e ffi c i e„o y .T h e dat a S hown i n F i g u I e6a r e ttl eave rag e S of 
(ripUcateassaysnomatoedagainsttheW/aactmty. 

For the control reporter plasmid pGL3-Co„tro. (pGL3-C), the presen 
absenceoftheZFP-KKABexpressionpiasmiddoesnotinnuencethe^ferase 

absence nVF Rl-4x the reporter containing four cop.es of the 

expression level. However, for pVFRl 4x, tne r p vcrPW , n s-bp- 

„ n f,he VEGF1 (9-bp-binding ZFP) or VEGF3a/l (1» »P 
VEGF target s.te, presence of the Vbomv op b 

w A- s , 7 FPlexoressionplasmidreducesluciferaseexpress,onbyafactorof2-3rela S 
bmduvg ZFP) expression p (9 . bp . bindi „g ZFP) expression plastmd 

to the empty pcDNA vector control. The Vbvjr^a \y f 

VFCxF^a with a K<i of 200 nM, is not. 

VEGF3a, witn *m constructed by removing the 

A second reporter plasmid, pVFR2-4x, was 

, -^rr sr. 

f n n % Control (in the forward orientation). This places tne w g 
3-4 fold repressionoftheluciferase signal was observed wnh the VEGF -KRABor 

start of transcription. 

. fvi^rFrenorters in co-transfection experiments 

FvamnleV: Activation of VEG1« reponennu*. 

n^easnretheactW.tyoftheZFP—onalacttvators.ncell, 

eel, line, and a different set of reporter and effector plasmids was used. 

Foractivationexperimen^areporterwasconstructedlabeledpVFRS 4x. 

• cftheVEGF targets, with the sequence shown 
30 This reporter contains the four copies of the VEOttarg 

above attheMluimginsitesofplasmidpGLS-PromoterCPrornega). This vector has 

above, at the Miuimg therefore has a lower basal level of 

been deleted for the SV40 enhancer sequence and therefore nas 
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firefly luciferase expression. pVFR3-4x was constructed by swapping the KpnI/Ncol 
fr a gm e„,ofpVFR 1 -4xin,otheKpnimcoIsi t esofpGL3-Pro m o.er. 

The effectorplasmid construction is described above. The VEGF1 VP16, 
VEGF3a-VP16, and VEGF3a/l-VP16 expression vectors were designed to produce a 
f usionof ttl eSV40nuc 1 ear 1 ocaHzat,o„ S eo.ue„ce,.heVEGFZFP,.heVP16 & ans- 

The empty pcDNA3 expression vector was used as a control. • _ _ 

Anvectorswerepreparedu.ngQiagenDNApurificationtats.F.gurel 

shows a typical set of transfections using 293 (human embryomc krdney) cells. ^ 

grow overnight in D-MEM medium containing 10% fetalbovine serum at 3 C w.th 5/„ 
CO2. Cells were washed with serum-free D-MEM and overlayed with 200 same. 
P,asmids were introduced using a calcium phosphate — ^ , 5 

according ,0 the manufacturer-s-nstructions. CeUs in each we,, were transfec ted wrth , 

HEPES solution was added dropwise while vortexing. The mix was incubated °^ ^ ™ 

th emediu m ,neachwe„. Transfections were done in triplicate. 

ha rvested40-48 hours after transfection. Luciferase assayswere done us,ng he ^Dual- 
Light™ system (Tropix). The third p.asmid transfec.ed, ac«n/ P -gal, carnes the P - 
XosLgne under the control of the actin promoter and was co-transfected as a 

toth emanufacturer,protocol (Tropix). The data shown in F lg ure7are the averageof 

triplicate assays normalized against the P -galactosidase acUvtty. 

Fort hecontrolreporter pl asmid,pGL3-Pro ra oter(pGL3-P),theprese„ce 

o.absenceof.heZFP-VPiaexpressionplasm.d does not significantly mfluence the 
luciferase expression level. For pVFR3-4x, the reporter containing four cop.es the 

fxmrv^ rthe 9-bo-binding ZFP) shows a very slight 
VFGF target site, presence of VEGF1 (the y op viw 5 
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a 1 4-fold increase relative ,o pcDNA. These experiments clearly demonstrate that a 
designed ZFP, when fused to the VP1 6 activation domain, is capable of functionmg m a 
cell to activate transcription of a gene when its target site is present. Furthermore, these 
r esul.s clearly demonstrate that an 18-bp binding protein, VEGF3a/l, is a muchbetter 
activator in this assay man a 9-bp binding VEGF1 protein. This could be a result of the 
improved affinity or decreased off-rate of the VEGF3a/l protein. 

A fourth VEGF reporter plasmid was constructed by cloning the* 
Kpnl/Ncol fragment of pVFR2-4x into pGL3-Promo«er to create plasmid pVFR4-4x. 
Activation was observed in co-transfecti„ns using this reporter in combination w„h 
effec.orplasm.ds expressing the VEGF1-VP16 and VEGF3a/l-W16 fusions (data no, 
shown). This indicates .hat these artificial trans-activators are fi.nc.iona! when bound 
either upstream or downstream of the start of transcription. 

These co-transfection data demonstrate that ZFPs can be used to regulate 
expression of reporter genes. Such experiments serve as a useful .oo, for identifying 
ZFPs for further use as modulators of expression of endogenous cellular genes. As .s 
shown below, modulation results can vary between co-.ransfec,io„ experiments and 
endogenous gene experiments, while using the same ZFP construct 

Example VI: Repression of an endogenous VEGF gene in human ceils 

, This Example demonstrates that a designed ZFP can repress exprcss.on of 

a„ endogenous cellular gene that is in its natural context and chromatin structure. 
Specifically, effector plasmids expressing VEGF ZFPs fused to the KRAB repression 
domain were introduced into cells and were shown to down-regulate the VEGF gene 
Eucaryotic expression vectors were constructed that fuse the VEGF3aA 

5 and the VEGF1 ZFPs to the SV40 NLS and KRAB, as described above in Example III. 
TransfectionsweredoneusingLipofectamincacommerciallyavailablehposome 

preparation from GBCO-BRL. All plasmid DNAs were prepared using Q,agenM.d, 
DNA purification system. 10 ug of the effector plasmid was mixed with WOugof 
L i P ofectamine(50ul)ina^ 
,0 (Promega) was also included in Ore DNA mixture as an internal control for transfection 
efficiency. Following a 30 minu.e incubation, 6.4 ml of DMEM was added and the 
mixture was layered on 3 x H»< 293 cells. After five hours, the DNA-Lipofec.am.ne 
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mixture was removed, and fresh culture medium containing 10% fetal bovine serum was 

layered on the cells. 

Eighteen hours post transfection, the 293 cells were induced by treatment 
with 100 uM DFX (desferoxamine), resulting in a rapid and lasting transcriptional 
; activation of the VEGF gene and also in a gradual increase in VEGF mRNA stability, 
(■tab** J Biol. Chem. 270:19761-19766 (1995)). Under routine culture condmons, 
293 cells secrete a low level of VEGF in the culture media. The cells were allowed to. 
incubate an additional 24 hours before the supematants were collected for determination 
of VEGF levels by an ELISA assay. 
0 In parallel experiments that demonstrated a similar level of repress™, cell 

viability was monitored using the Promega Celltiter 96® Aqueous One Solution cell 
prohferation assay (Promega). After Dfx treatment for 18 hours, 500 ,L of the original 2 
ml of media was removed and analyzed for VEGF expression, as described above. To 
evaluation cell viability, 300 uL of Promega Celltiter 96® Aqueous One Solutton 
,5 Reagent was added to the remaining 1.5 ml. The cells were then incubated a, 37°C for 
approximately 2 hours. 100 uL from each well was transferred to a 96-well plate and 
read on an ELISA plate reader at OD 490 nm. There was no significant reduchon m 
viabtlity of cells expressing the VEGF3a/l-KRAB construct relative to those transfected 
with empty vector controls, indicating that the VEGF repression observed was no. due to 

20 generalized cell death. 

A 40-50-fold decrease in VEGF expression was noted in the DFX treated 
cells transfected with VEGF3a/l-KRAB, an expression vector encoding the 18 bp binding 
VEGF high affinity ZFP. A two-fold decrease in expression was observed when cells 
were transfected with VEGF1-KRAB, an expression vector encoding the 9 bp bmdmg 
25 VEGF high affinity ZFP. No significant decrease in VEGF expression was observed m 
cells that were transfected with a non-VEGF ZFP (CCR5-KRAB) or NKF-contro. (Figure 
8) Similar results have been obtained in three independent transfection cxpenments. 

In a separate experiment, the following results were obtained (data not 
shown) VEGF1-NF, which expresses the 9-bp-binding VEGF1 ZFP without a funcnonal 
30 domain, showed no effect on VEGF gene expression. A significant reduction m VEGF 
expression was observed with VEGF3a/l-NF, which expresses the 18-bp binding protem 
without a functional domain. This result suggests that binding to the start stte of 
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transcription, even without a repression domain, interferes with transcription. Even when 
fused to the KRAB domain, the VEGF3a ZFP is unable to affect expression levels 
(plasmid VEGF3a-KRAB). However, VEGF1 fused. o KRAB (VEGF1 -KRAB) results 
Ldramaticdecreasein expression. VEGF3a/l fused to KRAB (VEGF3a/l-KRAB) 
prevents expression of VEGF altogether. 

These data indicate that a designed ZFP is capable of locating and bmdmg 
to its target site on the chromosome and preventing expression of an endogenous cellular 
target gene. In particular, the results indicate that ZFPs with a K, of less than about 25 
uM (= g VEGF! has an average apparent K, of about 10 nM) provide dramatic decreases 
in expression. In addition, the data demonstrate that the KRAB functional domam 
enhances gene silencng. Because in thrs experiment the introduction of the repressor 
occurs before the inducer of VEGF ,s added (DFX), the data demonstrate the ab.hty of a 
designed repressor to prevent activation of an already quiescent gene. In addmon, these 
results demonstrate that a six-finger engineered ZFP (VEGF3a/l) with nanomolar affnuty 
for its target is able to inhibit the hypoxic response of the VEGF gene when it bmds a 
target that overlaps the transcriptional start site. 

Example VII: Activation of endogenous VEGF gene in human cells 

This Example demonstrates that a designed ZFP can activate the 
, expression of a gene that is in rts natural context and chromatin structure. Specially, 
effector plasmids expressing VEGF ZFPs fused to the VP1 6 activation domam were 
introduced into cells and were shown to up-regulat= the VEGF gene. 

Eucaryotic expression vectors were constructed that fuse the VEGF3a/l 
and the VEGF1 ZFPs to the SV40 NLS and VP16, as described in Example III. 
>5 Transfections were done using Lipofectamine, a commercially available liposome 

preparation from GIBCO-BRL. All plasmid DNAs were prepare, using the Q,agen M,d, 
DNApurificationsystem. 10 ug of the effector plasmid (containing the engineered ZFP) 
was mixed with 100 M of Lipofectamine (50 ul) in a total volume of 1600ul of Oph- 
MEM. A pCMvp-ga. plasmid (Promega) was also induded in the DNA mixture as an 
interna, control for transfection efficiency. Following a 30 minute incubation, 6.4 ml of 
DMEM was added and the mixture was layered on 3 xlO 6 293 cells. After five j"^' 
DNA-Lipofcctamine mixture was removed, and fresh culture medium contaimng lO/o 
fetal bovineserumwaslayeredontheceHs. One day later, fresh media was added and 
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the supernatant was collected 24 hours later for determination of VEGF levels using a 
commercially available ELISA kit (R and D Systems). 

For the three-fingered VEGFl-specific ZFP (VEGF1-VP16), a 7-10 fold 
increase in VEGF expression was observed when compared to control plasmid (NVF- 
control) and mock transfected cells (Figure 9). Similar results have been obtamed in 5 
independent experiments. It is important to note that the level of VEGF secretion in 
VEGF 1 -VP 16 transfected cells was equivalent or greater than the level in cells that have 
been treated with DFX (Figure 9). Introduction of VEGF3a/l-VP16 stimulated a more 
modes, induction of VEGF. This result is consistent with the finding in Example VI in 
0 which expression of the 18-bp binding protein without a functional domain prevented 
activation to a certain degree. This result suggested that the tight binding of this protem 
to the start site of transcription interferes with activation. 

These data indicate that a designed ZFP is capable of locating and bmdmg 
to its targe, site on the chromosome, presenting a transcriptional activation domain, and 
5 dramatically enhancing the expression level of that gene. In particular, the results 
indicate that ZFPs with a K, of less than about 25 nM (e.g., VEGF1 has an average 
apparent Kj of about 10 nM) provide dramatic increases in expression. 

Example VIII: RNase protection assay 
20 To further substantiate the results in Examples VI and VII, a ribonuclease 

protection assay (RPA) was performed to correlate the increased level of VEGF protein 
with an increase in VEGF mRNA levels (Example VII) , and to correlate the decreased 
level of VEGF protein with a decrease in VEGF mRNA levels (Example VI). 

RNA was isolated from the transfected cells using an RNA isolation fat 
25 (Pharmingen). Radiolabeled multi template probes, which included a VEGF specific 
probe, were prepared by in vUro transcription and hybridized overnight at 56 C to 5 ug 
each of the RNAs from the experimental and control transfected cells. The hybridizatton 
mixture was treated with RNase and the protected probes were purified and subjected to 
5"/o denaturing polyacrylamide gel electrophoresis and the radioactivity was evaluated by 
30 autoradiography. 293 cells transfected with the VEGF1-VP16 had a 2-4 fold increase in 
the level of VEGF mRNA when compared to cells transfected with NVF-eontrol (Figure 
10 panel A; see Example VII for experimental details). The size of the protected probe 
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was identical to the size of the probe generated from the control human RNA provided as 
a control for RNA integrity. (Figure 10, panel A). 

In a separate experiment, the level of VEGF specific mRNA was also 
quantitated in cells that had been transfected with a VEGF-KRAB effector plasmid 

5 (Figure 10, panel B; see Example VI for experimental details). The details of the 
transfection are described in Example VI. A dramatic decrease in the level of VEGF 
mRNA was observed when cells were transfected with the VEGF3a/l-KRAB effector 
plasmid. No significant decrease in VEGF mRNA was observed when cells were 
transfected with NKF-control or a non-VEGF specific ZFP (CCR5-5-KRAB and CCR5- 

10 3-KRAB, which recognize different CCR5 target sites). 

This experiment demonstrates that the increase in VEGF protein observed 
upon transfection with the VEGF 1 -VP 16 chimeric transcription factor is mediated by an 
increase in the level of VEGF mRNA. Similarly, the decrease in VEGF protein observed 
upon transfection with the VEGF 3 a/ 1 -KRAB chimeric transcription factor is mediated by 

1 5 a decrease in the level of VEGF mRNA. 



